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1.0 SUMMARY

The Core Compressor Exit Stage Study Program has the primary objective
of developing rear stage blade designs that have improved efficiency by virtue
. of having lower losses in their endwall boundary layer regions., Blading con=
3 - cepts chat offer promise of reducing endwall losses have been evaluated in a

multistugze environment, This report describes the test data and the perfor-

mance results for the Best Stage Configuration, consisting of Rotor B/Stator F
o B, that was tested in the General Electric Low Speed»Résearch Compressor.

l' , The aerodynamic design of this stage is described in Volume I of this report

(Reference 1), :

Overall performance data and various types of detailed performance data
are presented for the Rotor B/Stator B configuration along with the resulting Mwwwmmi
vector diagrams, loss coefficients, and diffusion factors. Both multistage
and single-stage configurations were tested. Also the effects of increased
rotor tip clearance and casing treatment on compressor performance were evalu-
ated., The follcwing test results were obtained:

° Rotor B tested with Stator B showed a 0.3 to 0.4 point improvement

in efficiency at the design point and a significant improvement in

the pressure-flow characteristic near stall relative to the base- __
line Rotor A/Stator A,

] Increasing the rotor tip clearance from 1.38% clearance-~to-blade-
height to 2.80% costs 1.49 points in peak efficiency, 9.7% in peak
pressure rise, and 11% in stalling flow coefficient,

° Adding casing treatment to all stages at the increased rotor tip ;
clearance gave a slight increase in peak efficiency and peak pres- - g
sure rise at the design point but gave a 3.0% decrease in pressure ‘
rise at stall,

® Using single-stage test results to evaluate multistage compressor
performance can prevent some difficulties.

Evaluation and comparisons of these data will be presented in the final report.




2.0  INTRODUCTION

Recent preliminary design studies of advanced turbofan.core compressors
(Reference 2) have indicated that such compressors must have very high effi-
ciencies, as well as the advantages of compactness, light weight, and low
cost, in order for advanced overall engine/aircraft systems.to have an
improved economic payoff., .Loss mechanism assessments, such as those of Ref-
erence 3, suggest that approximately half of the total loss in a multistage.
compressor rear stage is associated with the endwall boundary layers. Since
only a relatively small amount of past research has been dedicated to the
problem of finding improved airfoil shapes for operation in multistage com-
pressor endwall boundary layers, it is believed that substantial improvements
in. that area are likely. Accordingly, a goal of a 15% reduction in rear
stage endwall boundary layer losses, compared to current technology levels,
has been set. The Core Compressor Exit Stage Study Program is directed
toward achieving this goal., Blading concepts that offer a promise of reduc~
ing endwall losses relative to a baseline design have been evaluated in a
multistage environment. The test data and performance results for this. Best-

Stage Configuration are described in this report.
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3.0 TEST APPARATUS AND PROCEDURE

oy 3.1 LOW SPEED RESEARCH COMPRESSOR

" The General Electric Low Speed Research Compressor (LSRC) facility,.

L described in more detail in Volume Il (Reference 4), was used for this test .
program. The LSRC configuration, used in the test program and shown sche=

‘ matically in Figure 1, consisted of four identical compressor stages having a

' % ' constant casing diameter of 1.524 m (60 in.) and a radius ratio of 0.85. A

| photograph of the LSRC is shown in Figure 2. A detailed cross section of one
stage is shown in Figure 3. The airfoils are 11.43 cm (4.5 in.) in span and
approximately 9 cm (3.5 in.) in choxrd; large enough that blade edge and sur-

face contours ¢an be closely controlled during manufacture. The blade and
vane construction described in Volume II (Reference 4) resulted in hydrauli-
cally smooth surfaces at the Reynolds numbers necessary to gimulate high-

speed compressér performance. A single-stagevconfiguration was also tested,

The average rotor tip-clearancedto-blade-height was 1.367% and .the aver-

age stator seal-clearance-to-blade-height was 0.78%. Circumferential groove

Al

casing treatment was applied over ‘the tip of only the first rotor to assure

that Stage 1 would not be the stall limiting blading.

3.2 TEST STAGE 1

At

The test stage comsisted of Rotor B and Stator B. The Rotor B/Stator B

designs are presented in Volume I (Reference 1). A brief summary of these

designs is given below.

Rotor B was designed to the same set of vector diagrams as Rotor A but
uses a.type of meanline in the tip region that unloads the leading edge and
loads the trailing edge relative to Rotor A. The modification to the tip
region of Rotor B was blended into the pitchline so that Rotor A and Rotor B

are identical from the pitchline to the hub., Stator B embodies blade sec~

Aacmn iy

tions twisted closed locally in the endwall regions similar to those used in

a highly loaded NASA single stage that had rather good performance for its

]

loading level (Reference 6).
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3.3 INSTRUMENTATION

The instrumentation used at various locations in the compressor for .the
Rotor B/Stator B test series is presented in Table 1, Standard total pres~_____
sure rakes and wall static pressure taps were used, In addition, static
pressure taps located on the blade and vane surfaces were used to determine
the distribution of static pressure on.the suction and pressure surfaces.

For rotors, the pressures measured with a rotating rake were read by a preé-
sure transducer/slipring device.

Details about the instrumentation and the data recording equipment are
given in Volume II (Reference 4).

3.4 TEST PROCEDURE

The overall test program was divided into four parts as cutlined in
Table 2. The first part involved extensive testing of the baseline biading,
Stage A (Rotor A/Stator A), in both four-stage and single-stage configuraticms.
The test results can be found ‘in Volume II (Reference 4) of this series. Tre
second part involved a .series.of short screening tests to select the best
rotor design and the best stator design based on tests in four-stage c-afigu~
rations, These test results can be found in Volume III (Reference £). The
third part, described in this report, involves extensive testing of the best
rotor and best stator designs in combination using a four-stage compressor
configuration. The final part of the test program will consisc of extensive
testing of a new Rotor C design in a four-stage configuration with Stator B
and will be presented in Volume V.

Six types of data were taken during the Rotor B/Stator B tests: preview
data, stall determination data, standard data, blade element data, blade sur-.
face pressure data, and detailed wall boundary layer data. A brief descrip-

tion of each of these types of data is presented in Volume II (Reference 4),

3.5 DATA REDUCTION AND ANALYSIS METHODS

The data analysis procedures used in processing test data are deseribed
in Volume II (Reference 4).
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4,0 RESULTS AND DISCUSSION

Based on the Screening Test results presented in Reference 5, the Rotor
B/Stator B Configuration was selected as the "Best Stage" to undergo detailed
testing because of the possible beneficial. effect of the Rotor B tip section

at higher.Mach numbers. In the detailed testing, the following four configura-

tions were tested: (1) a four-stagé configuration at a nominal rotor tip
clearance having the third stage as the test stage, (2) a four-stage configu-
ration with increased rotor tip clearance, (3) a four-stage configuration
with both increased rotor tip clearance .and circumferential groove casing
treatment on all stages, and (4) a single-stage configuration at nominal
clearance, The average rotor tip-clearance-to-blade-height ratio for the .
nominal clearance configurations was 1.36% and that for the increased clear-.
ance configuration was 2.80%. The average stator seal-clearance~to-blade-~
height ratio for all tests was 0.78%. The test Reynolds number was 3.6 x 103,
As discussed in Reference 4, casing treatment was applied over the tip of the
first rotor only for Tests (1) and (2) above to assure that Stage ! would not
be the limiting blading. No casing treatment was used for Test (4) above in .
order to make comparisons with the test stage (third stage) of the four-stage

configuration.,

4,1 OVERALL PERFORMANCE

The overall performance of the Best Stage Configuration, which consisted
of Rotor B running with Stator B, was determined from Preview Data and Stan-
dard Data. These test data are presented as graphs of pressure coefficient,
work coefficient, and torque efficiency plotted as a function of flow coeffi=

¢ient.

4.1.1 Four-stage Configuration (Third Stage as Test Stage)

The overall performance data from the four-stage Rotér B/Stator B con-. ..
figuration is shown in Figure 4 and tabulated in Table 3. The data show a
peak efficiency of 0.9047, an efficiency at the design point of 0.9033, a

peak pressure coefficient of 0.6335, and a stalling flow coefficient of 0.338,
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When compared with tha Rotor A/Stator A baseline, Rotor B/Stator B showed:

(1) a 0.3 to 0.4 point improvement in efficiency at the design point and (2)

a significant improvement in the .pressure=flow characteristic near stall,

The 2.8% improvement in.peak pressure coefficient and the 5.4% improvement in
flow range from the design point to the peak pressure point result from a more
faborable pressure distribution on the airfoil, eapecially near the hub.

4.1.2 Four-Stage Configuration, Increased Rotor Tip Clearance

Overall performance of the Rotor B/Stator B Four-Stage Configuration wae
obtained at an increased tip-clearance-to-blade-height ratio of 2.80%; the
results are presented in Figure 5 and Table 4., Peak efficiency is 0.8898,
peak pressure coefficient is 0.572, and stalling flow coefficient is 0.372.
The increase in tip clearance costs 1.49 points in peak efficiency, 11.0% loss
in stalling flow coefficient and 9.70% loss in peak pressure rise relative to

the nominal clearance.

4.1.3 Four=-Stage Configuration, Increased Rotor Tip Clearance and Casing
Treatment on All Stages

Overall performance was .obtained with both increased tip clearance and
casing treatment on all four stages. The results, presented in Figure 6 and
Table 4, show a peak efficiency of 0.8915, a peak.pressure coefficient of
0.563, and a stalling flow coefficiént of 0.3708., This gives a loss of 1.32
points in peak efficiency, a loss of 10.7% in stalling flow coefficient, and a
loss of 11.1% in peak pressure rise relative to the nominal Rotor B/Stator B
configuration described in Section 4.1.,1. Apparently casing treatment at open
clearances gave a small performance improvement at the design point but hurt

performance near stall.

4.1.4 Single-Stage Configuration

The overall performance of the single-stage Rotor B/Stator B Configura=
tion is presented in Figures 7 and 8 and in Table 4. This configuration was
tested without casing treatment over the rotor tip in order to make compari-.

sons with the test stage (third stage) of the four-stage configuration. The
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data in Figure 7 show a peak efficiency of 0.8934, a peak pressure coefficient
of 0,660, and a stalling flow coefficient of 0,353.. The single-stage configu-
ration is pumping more flow and achieves a higher peak pressure coefficient
than the four-stage average. However, the peak efficiency of the single-stage
configuration is 1.13 points lower.than that of the four-stage configuration,

It is somewhat surprising that the single~stage efficiency should be so
low compared to the four-stage efficiency. Much of this difference is proba-
bly due to inaccuracies in measurement/evaluation of the tare torque of the
single-stage configuration relative to that of the four-stage configuration,
Typical values of measured torque and tare torque for the single-stage config-

uration are 2050 in.~1b and 160 in.-1b, respectively. Thus 20 in.~lb of tare

torquqhis worth about one point in efficiency. For comparison, typical values .

of torque and tare torque for the four-stage configuration are 8200 in.-1lb and
60 in.=1b, respectively; 20 in.-1lb of tare torque is worth a quarter of a point

in efficiency.

The individual characteristics of the single-stage and four-stage con-
figurations are compared in Figure 8. The single-stage characteriatic is not
quite so steep as the first-stage characteristic. Compared to the Stage 3
characteristic of the four-stage configuration, the single-stage characteris~
tic has about the same slope but is operating at about 2% higher flow and .
about 4% higher pressure coefficients. Both the single stage and the first
stage of the multistage configuration achieve higher peak pressures than
those of the other stages. This difference probably césults £rom the cleaner,
more constant inlet conditions at the first rotor inlet. During throttling,
the first rotor inlet is not subjected to the thickened wakes, increased devi-
ation angles, and separated flow that the downstream stages feel. Perhaps
even more striking is the higher pressure achieved by the first stage of the
four-stage configuration compared to that of the single-stage configuration,
This could result from the casing treatment or from the stabilizing influence
of the downstream stages pulling on the first stage of a multistage configura-

tion.




4.2 BLADE AND VANE SURFACE STATIC PRESSURE TEST RESULTS

The measurements of static pressure on the blade and vane surfaces are
presented in Figures 9 through 16 and in Tables 5 through 12 for (1) the four-
stage configuration with the third stage as teat stage, (2) the four-stage
configuration with increased rotor tip clearance, (3) the four-stage configu~-
ration with both increased rotor tip clearance and.casing treatment on all
stages, and (4) the single-stage configuration., The measured pressures have
been normalized by the dynamic head based on tip speed, 1/2 pref Ui. Suq-
tion surface measurements are presented as solid lines and pressure surface

measurements as dashed lines. R

4,2.1 Four-Stage Configuration (Third Stage as Test Stage)

~ The pressure measurements on the blade and vane surfaces are presented
in Figures 9 and 10 and in Tables.5 and 6. These figures have been discussed
in detail in Section 4.2 of Reference 5 and will be discussed only briefly

here. ..

The rotor data in Figure 9 indicate that the principal feature of Rotor
B, its increased diffusion rate at the trailing edge near the tip, was suc- .
cessfully accomplished. The continuous diffusion from the location of the
peak suction surface velocity (minimum static pressure) to the trailing edge
for all blade sections from the pitchline to the tip and for all throttle
settings indicates that the trailing edge region was able to take this
increased aft loading without flow separation (Figure 9a, b, c¢). Evidence
of flow separation near the hub can be seen in the distinect change in slope
of the static pressure distribution on the suction surface at 70% chord for

the peék pressure rise throttle (Figure 9e).

There is evidence of the effects of secondary flow and tip leakage on
the suction surface pressure distribution over the first 25% of chord (Figure

9a). This is seen as an increase in static pressure on the suction surface

from zero to about 8% chord followed by a decrease in static pressure from =

8% to about 40% c¢hord.
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The stator data in Figure 10 indicate: (1) a Stator B leading edge
loading that is slightly lower than that obtained for Stator A, and (2) a
diffusion pattern on the suction surface of Stator B which is more favorable
near the hub than that obtained for Stator A, although strong evidence of
flow separation at the hub still exists for the peak pressure rise throttle
(Figures 10d and 10e).

4,2,2 Four-Stage Configuration, Increased Rotor Tip Clearance

The pressure measurements on the blade and vane surfaces which incor-
porate the effects of increased rotor tip clearance are presented in Figures
11 and 12 and Tables 7 and 8. . The qualitative look of the data is similar to
that seen in Figures 9 and 10, although the loading levels are somewhat lower.
Comparisons showing the effects of clearance will be prescented in Section
4,2.5.

4,2.3 Four-Stage_Confi uration - Increased Rotor Ti
Casing Treatment on All Stages

Clearance and

The static pressure measurements on the blade and. vane surfaces which
incorporate the effects of increased rotor tip clearance. and casing treatment
on all stages are presented in Figures 13 and 14 and Tables 9 and. 10. The
qualitative look of the data is again gsimilar to that shown in Figures 9 and

10. Further comparisons will be presented in Section 4.2.3.

4,2,4 Single~Stage Configuration

The normalized static préssure measurements on the blade and vai. suvres
faces are shown in Figures 15 and 16 and Tables 11 and 12, respectively,, for.
the single-stage configuration. This configuration was run without casing
treatiient over the rotor tip so that the stage geometry of the single stage
matched that of the third stage of the four-stage configuration as closely as
possible.

The rotor data in Figure 15 show a uniform diffusion from about 40% chord

to the trailing edge for all throttles at 5%, 20%, and 50% immersions (Figures

154, b, and ¢). No evidence of flow gseparation is apparent. However, for

R
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80% and 90X immersions, Figures 15d and e, there is a decrease in the rate
of diffusion for all throttles beginning at about 70% immersion in Figure 15d
and from 50% to 70% immersion, depending upon throttle, in Figure 15e,

There is again evidence in Figure 15a of the effents of secondary flow
and tip leakage .on the suction surface pressure distribution of the -rotor -
over the first 30% of the chord.

The stator data in Figure 16 indicate that, for all throttles and all
immersions, there is a continuous diffusion from the point of minimum static
pressure on the suction surface to the trailing edge, although there is a
change in the rate of diffusion_near the hub.

4.2.5 Comparison of Rotor Tip Clearance Effects

A comparison showing the effects of rotor tip clearance and casing treat-
ment on the blade surface static pressures is shown in Figure 17 for the tip
section. There is & reducticn in blade loading over the first 40% of chord,

a rearward shift of peak suction surface velocity and a reduced pressure on
the pressure. surface for both the increased clearance configuration and the
increased .clearance with casing treatment configuration. At increased clear-

ance, casing treatment does appear to give a larger blade loading from 50%
choxd to the trailing edge.

4,2.6 .Comparisons With Potential Flow (CASC) Solutions

The comparisons of the experimentally determined surface velocities with
the CASC velocities for Rotor B are shown in Figure 18. The tests are in
quantitative agreement with CASC except at the tip section. The peak suction
surface velocities o¢cur about as intended. ‘

The significant differences that are observed on the. suction surface near
the tip in Figure 18 are attributed to secondary flow/tip leakage effects.
The suction surface velocity tends to be low from 5% to about 30% chord and
high from 302 to 60%. These velocity perturbations are probably induced by
the tip clearance vortex which moves away from the suction surface and away
from the casing as percent chord increuses.

10
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The comparisons of the experimentally determined surface velocities with
the CASC velocities for Stator B are shown in Figure 19. The teat results
for the velocity distribution on the pressure gurface are in qualitative
agreement. with CASC. The leading edge loadings for Stator B are lower. than
those for Stator A, especially near the hub, although they are still somewhat
larger than intended. This could explain the improvement in the pressure-flow
characteristic near stall obtained with Stator B. Airfoil loading is again

less than predicted on the aft portion of the vane.

4.3 BLADE ELEMENT AND WALL BOUNDARY LAYER TEST RESULTS

Blade element data and wall boundary layer data provide vector diagram
quantities from measured values of total pressure, static pressure, and flow
angles in a matrix of circumferential and radial locations across a blade
pitch, The radial surveys of pressure and flow angle, taken between adjacent
stators, are used to fix the. shape of thevradial.distribution;vcirCumfetential.

" surveys are used to. fix the absolute level of the distribution. The measure-

ments are taken at the rotor inlet and at. the rotor and stator discharges of
the test stage. The bars in the figures indicate the variation of measured
values across the circumferential blade spacing. The detailed wall boundary

layer data are included in the radial profiles.

4.3.1 Four-Stage Configuration (Third Stage As Test Stage) Pressures

Detailed surveys of normalized absolute total and static pressures at
the third rotor inlet (Plame 3.0), third rotor exit (Plane 3.5), and third
stator exit (Plane 4.0) are presented in Figures 20 through 23 and in Table 13
for open throttle, the design point throttle, the peak efficiency throttle,
and the peak pressure rise/near stall throttle. The difference between the
total pressure at Plane 3.5 and 3.0 represents the total pressure rise across
the rotor. The difference between the total pressures at Plane 3.5 and 4.0
represents the loss across the stator. The region of end-wall loss in the

stator from 0% to 20% immersion and from 80% to 1002 immersion is eéevident,

The static pressuve rise across the rotor ‘is seen as the difference

between the measured pressures in Planes 3.0 and 3.5 and that across the
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stator as.the difference between Planes. 3.5 and 4.0, Thia gives a pitch—line
reaction at the design point throttle of about 64X,

Flow Angles

Detailed surveys of absolute air angles at the.third rotor inlet, third
rotor exit, and third stator exit are presented in Figures 24 through 29 and
in Table 13 for the design point throttle, the peak efficiency throttle, the
peak pressure rise and the near stall throttles. A small correction factor
to the flow angles, which is needed because of the geometry of the measuring
system, was used in the data analysis. This correction would yield true flow
angles that were about 0.5° larger than observed at 1002 immersion and about
1.1° larger at zero percent immersion. The correction factor to the flow
angles has not been incorporated into the data shown in the figures but has
been incorporated in the data shown in the tables. The leading and trailing
edge metal angles for the stator.are shown.in the figures so that the inci-

dence and deviation angles are easily seen.

The data in Figure 25 indicate that the design intent swirl distribution
has been achieved at the exit plane of the third stator. The increase in
incidence and deviation angles as the compressor is throttled to stall is

evident in Figures 24 through 27.

Totdl Pressure Circumferential Surveys and Loss Coeffic¢ients

Relative total pressure measurements across a circumferential blade
spacing were obtained at 11 radial immersions using the rotating rake. The
results are presented in Figures 30 through 33 for the various throttles. The
rotor wake is clearly evident as is the increased size of this wake near
stall, particularly near the hub (Figure 33). An interesting feature of these
circumferential surveys is the shape of the distribution near the tip of the
blade. Both the loss region due to the wake and the loss region due to tip

clearance/secondary flow effects can be seen,

Absolute total pressure measurements across a.circumferential stator vane

spacing were obtained at 19 radial immersions, including the immersiona for

the boundary layer surveys. Representative samples of these measuremeuts are
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shown in Figures 34 through 37 for 1l.of the 19 immersions. The distribution .
of static and total pressures.shown in Figures 20 through 23 were obtained by
computing the average, minimum, and maximum value. of pressure. shown in Fig-
ures 34 through 37.at each radial immersion. = The large stator wakes in the

g vicinity of the hub near stall are clearly evident.

These detailed measurements were used to determine rotor and stator loss

coefficients. The rotor loss coefficients computed from the relative total.
r ) . pressure measurements are présented in Figure 38 and Table 14. The stator
loss coefficients computed from absolute total pressure measurements are pre-
sented in Figure 39. Both are in feasonable agreement with design intent,
The total loss shown is the sum of the wake loss, the tip clearance vortex

loss, free~stream loss, and miscellaneous losses.

Vector Diagram Quantities

Complete vector diagram quantities as well as .loss coefficients, loss

parameters, diffusion factors, incidence and deviation angles were computed

from the quantities measured in the absolute frame of reference. The results
are tabulated in Tables 15 .through 23 for the various throttle settings.
Several of these performance parameters have been plotted as a function of 1
percent immersion in Figures 40 through 46. The design.point .intent is also

plotted.on each figure for reference. In most cases over the midportion of

the span, the vector diagram quantities computed from measurements are in

reasonable agreement with design intent for the design point throttle setting.
The rotor loss coefficients and D-factors and the stator incidence angles are
somewhat larger than those used in designing the stage. _In the end=wall
region (particularly the outer diameter) the velocities are lower, and air
angles, incidence angles, deviation angles, losses, and D-factors are larger

than the design values.

et i i e s A

The rotor total loss coefficients, computed from measurements made in the .
absolute frame of reference (Figure 42), are smaller at the design point than
the design intent and the loss coefficients computed from measurements made in .
the relative frame using the rotating rake (Figure 38). Since the rotor loss

coefficients obtained from the relative frame measurements do not depend upon

13




inaccuracies in flow angle measurements (particularly in the end-wall regions)
and in vector diagram calculations, it is believed that they are the more
reliable of the_two,

As the compressor is throttled toward stall, there is a general decrease
in velocity levels and an increase in air angles, flow turning, incidence -
angles, deviation angles, and D-factors. The region of end-wall flow.is dis-
tinctly defined by the data.

4,3.2 Four-Stage Configuration (Increased Rotor Tip Clearance)

Pressures

Detailed. surveys of normalized total and static pressures at the rotor
inlet (Plane 3.0), rotor exit (Plane 3.5), and the stator exit (Plane 4.0) are
presented in Figures 47 through 49 and in Table 24 for the open throttle, the
design point throttle, and the peak pressure rise/near stall throttle. A

stage configuration in Section 4.3.1.

Flow Angles

Detailed. surveys of absolute air angles at the rotor inlet, rotor exit,
and stator exit are presented in Figures 50 through 54 and in Table 24 for
the open, the design point, and the peak pressure rise/near stall throttle.
Again, the description of these figures is similar to that for the four-stage

configuration in Section 4.3.1.

Total Pressure Circumferential Surveys and Loss Coefficients

Relative total pressure measurements across a circumferential blade spac-
ing were obtained at 11 immersions using the rotating rake. These results are
shown in Figures 55 through 57 for the various throttles. The loss region due
to the rotor wake and the loss region due to tip clearance/secondary flow

effects can be seén.

Absolute total pressure measurements across.a circ¢umferential vane spac-
ing were obtained and the results, including boundary layer surveys, are pre-

sented in Figures 58 through 60.
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These detailed measurements wer= used to determine the rotor and stator
loss coefficients presented in Figures 61 and 62 and in Table 25.

Vector Diagram Quantities

Complete vector diagram quuntities, loss coefficienﬁs, loss parameters,
diffusion factors, incidence angles, and deviation angles were.computed from
the measured quantities; the results are given in Tables 26 through 31 for the
various throttle settings. Several of the performance parameters have been

plotted as a function of percent immersion in Figures 63 through 69..

Comparisons showing the effects of increased rotor tip clearance on blade
element performance are presented in Figure 70.. An increase in rotor tip
clearance from 1.4% tip-clearance~to-blade-height ratio to 2.8% produces
increases in absolute air angles at the rotor exit, in stator incidence.
angles, and in rotor D-factors and loss coefficients from a 0% to 10% immer-
sion. Increases of 5° in absolute air angles and incidence angles were ob-
served. D-factors increased slightly to values over 0.70 and total pressure

loss coefficients increased from about 0,125 to 0.2.

4.3.3 Four-Stage Configuration (Increased Rotor Tip Clearance and
Casing Treatment on All Stages)

Pressures

Detailed surveys of normalized total and .static pressures at the rotor
inlet (Plane 3.0), rotor exit (Plane 3.5), and the stator exit (Plane 4.0) are
presented in Figures 71 through 73 and in Table 32 for the open throttle, the

design point throttle, and the peak pressure rise/near stall throttle. A e

description of these figures is qualitatively the same as that for the four=

stage configuration in Section 4.3.1.

Flow Angles

Detailed surveys of absolute.air angles at the rotor inlet, rotor exit,
and stator exit are presented in Figures 74 through 78 and in Table 32 for
the same throttles. Again, the description of these figures is similar to..

that for the four-stage configuration in Section 4.3.1.

15

2 ittt bt bk




Total Pressure Circumferential Surveys and Loss Coefficients

Relative total pressure measurements across a circumferential blade spac-
ing were obtained for the single-stage configuration at 11 immersions using
the rotating rake, Thése results are shown in Figures 79 through 81 for the
various throttles. The loss region due to the rotor Qake and the loss region

due to tip clearance/secondary flow effects can be seen.

Absolute total pressure measurements across a circumferential vane spac=-
ing were obtained and the results, including boundary layer surveys, are pre-
sented in Figures 82.through 84,

These detailed measurements were used. to determine the rotor and stator
loss coefficients presented in Figures 85 and 86 and in Table 33.

Vector Diagram Quantities

Complete vector diagram quantities, loss ¢oefficients, loss parameters,
diffusion factors, incidence angles, and deviation angles were computed from
the measured quantities; the results are given in Tables 34 through 39 for the
various throttle settings. Several of the performance parameters have been

plotted as a function of percent immersion in Figures 87 through 93.

Comparisons showing the effects of increased rotor tip clearance and ..
¢asing treatment are shown in Figure 94, The addition of casing treatment at
increased clearance produces a significant increase of 13° in absolute air
angle and stator incidence angle relative to. the nominal clearance case. Near
the tip the flow. is nearly tangential with air angles of about 83°, Increases
in D=factor and loss coefficient were also observed. Generally, the effects

are observed from 0% to 10% immersion.

4.3.4 Single-Stage Configuration

Pressures

Detailed surveys of normalized total and static pressures at the rotor
inlet (Plane 1.0), rotor exit (Plane 1.5), and the stator exit (Plane 2.0) are
presented in Figures 95 through 97 and in Table 40 for the design point.

throttle, the peak efficiency throttlé, and the peak pressure rise/near stall
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throttle, A description of these figures is qualitatively the same as that
for the four-stage configuration discussed in Sectiom 4.3.1.

Flow Angles
Detailed surveys of absolute air angles are presented in Figures 98
through 100 and in Table 40 for the design point, the peak efficiency point,

and the peak pressure rise/near stall throttles.

Total Pressure Circumferential Surveys and Loss Coefficients

Circumferential surveys of total pressure, including boundascy layer
surveys, are presented in Figures 101 through 103. The loss coefficients
determined from these measurements are shown in Figure 104.

Vector Diagram Quantities

Complete vector diagram quantities, loss coefficients, loss parameters,
diffusion factors, incidence angles, and deviation angles were computed from
the measured quantities; the results are given in Table 41 through 46 for the
various throttle settings. Several of the performance parameters have been

plotted as a function of percent immersion in Figures 105 through 111.

The rotor loss coefficients shown in Figure 110 should be compared with
those shown in Figure 42. Although these loss coefficients are computed from
fixed rake data and the levels may therefore be somewhat suspect, the radial

profile comparisons should be meaningful.

Generally, the discussion follows that of Section 4.3.1, vector diagram. ..
quantities for the four-stage configuration, and is not repeated here. It
should be noted that a single stage reacts differently to throttling than an

embedded stage. This can be seen by comparing the differences in axial veloc=

ities shown in Figures 40 and 105.
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- were tested: (1) the. four-stage configuration with .the third stage as test

5.0 CONCLUSIONS

The Rotor B/Stator B, Best .Stage Configuration was tested in General
Electric's Low Speed Research .Compressor test facility. Four configurations

stage, (2) the four-stage configuration with increased rotor. tip clearance,
(3) the four-stage configuration with both increased.rotor tip clearance and
casing treatment on all stages, and (4) the single-stage configuration.

Overall performance data and various types of detailed performance data
are presented for the Rotor B/Stator B configuration slong with the resulting
vector diagrams, loss coefficients, and diffusion factors. These data pro-
vide the basis for the evaluation and comparisons of the configurations which

will be presented in the Final Report.
Several overall test results are discussed below:

° Rotor B tested with Stator B showed a 0.3 to 0.4 point improvement
in efficiency at the design point and a significant improvement in
the pressure-flow characteristic near stall relative to the baseline
Rotor A/Stator A.

o Increasing the rotor tip clearance from 1.38% clearance-to-blade-
height to 2.80% costs 1.49 points in peak efficiency, 9.7% in peak
pressure rise, and 11% in stalling flow coefficient.

e  Adding casing treatment to all stages at the increased rotor tip
clearance gave a slight increase in peak efficiency and peak pres-
sure rise at the design point but gave a 3.0% decrease in pressure
rise at stall.

e Using data from single-stage tests to evaluate multistage perfor-. i
mance can present some difficulties as will be discussed in the
final report.
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Alpha
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Ccu
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CAFD
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ID
GV
LSRC

oD

6.0 LIST OF SYMBOLS AND ACRONYMS

Definition
Annulus area of the compressor
Absolute air angie
Advanced multistage axial flow compressor
Relative air angle
Stator shroud seal clearance
Absolute velocity _
Absolute tangential velocity
Axial velocity
Circumferential average flow determination
Changing Camber
Cascade analysis by streamline curvature
Compresibility correction factor
Annulus height
Inside diameter
Inlet guide vane.
Low. speed .research compresscr
Outside diameter
Pressure
Blade surface static pressure £ Pgyrfgce~(Pp+Pref)
Upstream static pressute
Total Pressure

Normalizing quantity = 1/2 ppef U%
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6.0 LIST OF SYMBOLS AND ACRONYMS Continued)

Definition
Radius
Reynolds number
Measured torque corrected for windage/beariné friction
Wheel speed at tip
Air velocity
Relative velocity
Relative tangential velocity
Rotor tip clearance
Torque efficiency
Density
Average density across annulus
Flow coefficient
Work coefficient
Pressure coefficient

Loss coefficient

Barometer

Casing

Hudb

Reference

Static properties

Total properties




» 6.0 LIST OF SYMBOLS AND ACRONYMS (Concluded)

. Symbol. Definition
r* t Tip
'-‘,\ ' 1 Upstream conditions
2 Downstream conditions
" 51* . Inlet metal angle
82* Exit metal angle
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Peak Pressure Rise/Near Stall Throttle

A%

(g

(Gh!

i
win

H

i

. ___ TETAL ANGLE

T
1
i
i

H

i

i

& CIRCUM AVG
.0 POSTN ZERO

IHJE}

ANOCL

30 35 . 40

y DEGREL S

Figure 29. Absolute Flow Angles for Rotor B/Stator B Four-Stage
Configuration, Third Stage Tested.
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Rotor B/Stator B Four-Stage Configuration, Third Stage Tested,
Increased Rotor Tip Clearnace,
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Figure 90, Stator Vector Diagram Quantities Versus Percent Immersion,
Rotor B/Stator B Four-Stage.Configuration, Third Stage
Tested, Increased Rotor Tip Clearance Treatment.
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Figure 105. Rotor Vector Diagram Quantities Versus Percent Immersion,
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Table 2. Overall Test Plan Outline for Complete

Program.

I.. Teats Using Stage A Blading (Reported in Ref, 1)

A, Shakedown Teat 5

B, 4=Stage Configuration (Third Stage as Test Stage)
1. Preview Data 15

data pointa

data points

2. Stall Determination As Appropriate
J, Casing Treatment Data 15 data points
. 4, Reynolds Number Data 30 data points
\ 5, Standard Data 4 data points
6. Blade Element Data . & data points
7. Blade Surface Pressure.Data 2 data points
8. Detailed Wall Boundary Layer Data 2 data points
C. 1-Stage Configuration
1. Preview Data 15. data points
2. Stall Determination As Appropriate
3. Standard Data 4 data points
4, Blade Element Data 4 data points
5. Blade Surface Pressure Data 4 data points
6. Detailed Wall Boundary Layer Data 2 data_points
D. 4~Stage Configuration (First Stage as Test Stage)
l. Blade Element Data 4 data points
2. Blade Surface Pressure Data 4 data points .
3. DNetailed Wall Boundary Layer Data 2 data points
I1. Screen Tests
A. 4-Stage Configuration with Rototr B and Stator A
1. Preview Data 15 data points

2, Stall Determination
3. Staundard Data )
4. Blade.Surface Pressure Data
B. 4-Stage Configuration with Stator B and Rotor. A
(Same Data as IT.A.)

C. 4-Stage Configuration with Stator C and Rotor A
(Same Data as II.A.)

D. 4-Stage Configuration with Rotor B aind Statotr B
(Same Data as I1.A.)

As Appropriate
4 data points
4 data points

III. Tests Using Rotor B and Stator B Designs

A. 4-Stuage Configuratioun, Thitd Stage as Test Stage’

l. Samé Data as I.8., Except Delete I.B.3, and 4.

B. 1-Stage Configuration .

1. Same Data as 1.C., Except Deléte 1.C.4,
(Rotor Tip Clearance Data)

2. Rotor Tip Clearance Data, Casement Treatmeat 4 Stages
3. Rotor Tip Clearance Data, Casing Treatment Stage L

IV, Tosts Using Rotor ¢/Stator B Designa

A. 4-Stage Configuration, Third Stage as Test Stage
1. Samé Data as 1.B., Excopt Deléte 1.B,3. and 4.

e e -




w"‘

T Ty e s e
e D T v W T VO 7 A W —"

Table 3. Preview Data for Rotor B/
Stator B, Four-Stage
Configuration.,

. Test 66A.2 Four-Stage Configuration

FLOW P CCEF WORK, TORQUE
COEF CASING CCE EFFICI
—- $S5es—0" 3a0ST—U S TO8E U uEzEE

0 44978 ©0.46727 0.83303  0.87662 . 5
0.44288 0.48467 0.54861 0.88345 - |
0 43570 0.%0421 0.56549 0.891864

. ¢ ' . “
0.418%2 .0.54276 0.60228 0.90113.
0.41417 0.55137 0.61068 .0.902838
0.40893 0.56076 0.6204%5 0.90378

0 39893 ©. 57875 0.63868 O.90473
0.39322 0.58892 0.65035 0.90554
0.38801 0.59761 0.66041 0.90491

|
|
|
!
|
D

0.37615 0.61596 .0,68228 0,90280
0.36939 0.62467 0.69368 0,90050
0.36253 0.63039 0.70464 0.89462 |
S SESTS 0 33038 0.71812  0.88442 . ,
0.24520 0.637%10 0.72413 0.8729) i
0.34246 0.63166 _0.72566 0.87048 ;
'77TZEEK?T'_UT1!ﬂEﬂf’ﬂITSS?ﬁE?'WTTSEZGE‘ ;
5. 40480 O.S6500 0.62751 0.90038 . g
0. 38516 0.59872 0.66470 0.90073. ;
0.35938 0.62865 0.70826 0.88760 g

o 40627 0©.56722 0.62756 O.90386 ?
0.38662 ©.59908 0.66368 0.90267
0 36097 0.63014 0,70690 0.89140
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Vector Diagram Parameters for Rotor B/Stator B Four-Stage

Configuration, Third Stage Tested, Open Throttle.
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Table 1l6.

Vector Diagram Parameters for Rotor B/Stator B Four-=Stage
Configuration, Third Stage Tested, Design Point Throttle.
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’ Table 17. Vector Diagram Parameters for Rotor B/Stator B Four-Stage
k Configuration, Third Stage Tested, Peak Efficiency Throttle.

BLADE ELEMENT DATA ROTOR INLET
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X MPS FPS MPS FPS DEG MPS FPS MPS FP§ MPS FPS DEG
b 1.8 §6.8 1492.7 §3.2 174,4 71,8 17,6 §7.8 12.8 39.4 21.3 69.9 34.2
' 2.8 65.8 183.0 52.6.172.6 78.4 18.6 64.9 12.8 48.9 22.4 73.3 33.8
\ 3.2 85.5 182.0 52.8 178.6 69.4 19.4 63,5 13.8 42,6 23.3 76.8 32.8
' 4.2 85.3 101.56 31,5 169,08 668.4 28,2 66.2 13.4 43,9 24.2 79.4 .33.5
6.8 §5.5 182.2 51.4 168.5 67.4 21.1 69.3 13.4 44,8 25,8 82,1 32.3 .
7.8 85.6 182.4 51,1 167.6 66.6 .2.2 72.2 13,8 44,4 25.8 84,7 31.5.
18.% 56.1 104.8 52,8 166.8 64.8 23.7 77,7 13.5 44.1 27,2 89.4 29.6.
16.9 5§6.9 125.7 58:9 167,24 63.2 26.6 83.6 12,9 .42,3 28.6 93,7 26.8
2¢.8 87.8 159.5 51,2 168.8 62.2 26.8 87.8 12.1.39.7 29.4. 96,3 24.3.
39.8 57.8 129.6 51.1 167.8 81.9 27.4 88.7 11.3 37.8 29.3 96.1 24.6
. E8.8 56.7 186.1 49.6 162.7 6£.8 27.5 64.3 12.8 35.4 29.6 -97.8. 21.3
78.% 54.9 18,2 47,1 1584,6 58,9 28.2 92.6 11.3 37.8 38.4. 99.7 21.7
82.% B53.4 175.1 45.6.149.7 68,6 27.7 94.8 11.8 38,7 39.1 98.7 23.8°
85.2 52.2 172.6 44.6 146.2 58.8 26.8 88.7 12.4. 44.7 29,5 96,9 24.7
9.8 50.6 1:5.2 43.2 141.8 5B.4 25.4 86.6 13.2 43,4 29.5 96.8 . 28.6
93.8 49.9 133.6 42,2 138.8 §57.6 26.6 87.1 14.56 45.8 32.8 98.4 37.7
95.8 49.6 162.7 41.6 136.6 56.9 26.9 88.4 14.3 47.1 38,5 1éB.1 28.8--
96.2 49.5 162.4 41.9 137.5 57.7 26.4 . 86.5 14.8 45,8 29.8 97.9 27.%9
97.2 49.9 163.6 42,7 148.1 88,7 26.8. 84.6 13.1 42.9 28.9 94,8 26.8
98.8 57.4 165.4 43.7 143.3 59.9 25,2 82.5 12.2 39.3 27.9 91.4 5.4
BLADE ELEMENT DATA ROTOR OUTLET / STATOR INLET
IMMER W WU BETA cz ey [ ALPHA
X MPS FPS MPS FPS DEG MPS FPS MPS FPS MPS FPS DEG
1.8 23.8 115.8 31.3 122.8 68.8 12.6 41.2 33.8 111.9.36.1 118.4 €8.4.
2.9.32.3 186.1 29.4 96.4 65.1 13.5 44.4 35.7 117.1 38,2 125.3 £9.8
3.8 31.2 182.4 27.7 98.9 62.4 14.4. 47.1 37.3.122.3 39.9.131.8 68.7
4.8 38.7 195.8 26.5 86.9 59.4 15.68 61.8 38.4 126.8 41.4.135.9 67.8
E.8 30.9 1:;1.4..256.7 84,4 56.2.17.1 B86.3 38,1 128,] 42.7 139.9 CC.}
7.2 31.3 1loo.8 28,2 82,5 63.2 18.7 &1.4 39.4 129.4-43.6 143.2 64.5
18.8 32.9 137.8-24.8 81,3 48.8 21.6 74.8 39.5 129.7 45.8 147.7 61.2
15.8 36.4 119.3 26.1 B85.6 48,7 25.3 83.1 37.7 123.7°45.4 1498 56.0
29.8 39.3 125.9 27.8 91.2 44.9 27.7.81.8 35.5 116.5 45.1 147.8 51.9
3g.8 41.1 135.8.29.1 95,5 44,8 29.1 85.4 33.2 199.1 44.2 144.9 48.7
§3.0 39.7 130.3 27.9 S1.6 44.5 28.3 92.7 32.5 196.5 43.0 141.2 48,8
78.8 356.7 125.5 24.6 85.8  42.9 27.3 838.4 33.8 114.9 43,4 142.4 651.8
8.8 34.9 114.4 22,3 73.2 39.7 26.8-87.9 35,1 115.2 44.2 144.9 062.5
85.2 33.7 113.6 21.1. 69.2 . 38.6 26.3 86.3 35,9 117.7 44.5.145.9 §3.6
95.0 32.3 1076.1.19.6 64.4 37.3 25.7 84.3 36.8 120.9 44,8 147.4 55.4
93.8-31.8 14.4 16.7 61.2 35.8 25.8 B4.6 37.5 123,80 48.5 149.3 £5.3
85.8 31.5 1¥3.3 17.9 58.8 34.6 25.9 84.9 38.0 124.8 46.% 151.8 85,6
96.2 31.2 1432.3 17.5 57.3 34.2 25.8 84.7 38.4 126.9 46.3 151.8 55.9
97.8 32.7 08.6 17.8 55.7 33.5 25.5 83.8 38,8 127.3 46.5 152.4 56.5
98.9 29.6 97.2 16,2 53.3 33.1 24.8 81.3 39.4 129.4 46.6 152.8 ©57.7

BLADE ELEMENT DATA STATOR OUTLET

IMMER W WU BETA c2 cu_ c ALPHA
% MPS EPS MPS. FPS DEG MPS FPS  MPS FRS_ MPS FPS  DEG

1.8 54.9 189.2 51.1 167.6. 68.4 29.8 65.6 14.1 46.2 24.5 8.3 35.8

2.8 54.5 173.9 52,3 165.1 %7.2 21.0 68.8.14.8 48.4 25.7 84.2 35.0 B
3.9 54.5 178.8 49.9.163.7 66.2 22.2- 72.1 15.1 49.5 26.6 87.4 3&.4 ;
4.9 54.7 179.4 49.7 162.9 65.1 22.9 76.8 15,2 .§6.7 27.5 93.1 33.6

6.0 54.7 179.4 49,4 161.9 64.3 23.5 77.2 15.4 50.8 28.1 92.4 33.1

7.8 54.6 179.1 49.8 169.8 63.6 24.! 79.2 15.6 51.1.28.7 94.1 2.8

19.2 54.7 179.5 48.7 169.9 62.8 24.y 81.6.15.6 S1.1 28.3 96.3 32.8 -
1.8 5§5.9 .163.3 49.6 162.8 62.5 25.6 84,1 14.2 46.5 29,3 96.1 ce.8 ' }
28.2 86.7 186.9 58.86 166.2 63.9 25.6 B4.2 12.7 41.7 28.6 . 93.7 26.3 1
29.8 57.6 133.9 51.4 168.8 63.1 25.9 84.8 18.9 35,7 28.1 92.8 22.8 - :
89.0 56.7 1%3.9 58.2 164.8 ..62.3 26.2 B86.9 1#.2 33.3 28.1 92.2 21.1 ]
7§.8 54.5 178.8 47.4 155.4 . 68.2 26.9 88.4 11.1 36.3 29.1 95.6 2I.3 !
89.8 52.9 173.6 45.8 158.4 59.9.26.4 86.6 11.6 38.0 28.8 84.6 3.6 . J
5.2 S1.4 168.8 44.3 146.3 §9.2 26.2 85.9 12.7 41,6 29.1 95.4 25.8

9¢.0 53.9 163.9 42,7 148.8 58.5 26.8 85.3-13.8 45.3 29.4 96.6 27.9 d
93.8 49.4 151.9 41.6 136.4 527.2 26.6 87.3 14.6 47,9 39.3 99.5 28.7 :
75.8 49.1 151.2 41.3 135.5 57.0 26.7 B7.5 14.7 48.230.4 99.9 (8.8

96.8 49.4 1E2.8 42.8 137.8. 58.1 26,8 85.2 13.9 45,6 28.4 96.6 8.1
97.8 49.5 1562.3 42.7 142.8 59.4.25.1 82.3 13.1 43,8 28.3 92.8. £7.5
98.8 49,5 1522 43.2 141.6 68.6 24.1 79.1 12.5 41.8 27.2 89.1 7.3
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Table 18, Vector Diagram Parameters for Rotor B/Stator B Four-Stage
» Configuration, Third Stage Tested, Peak Pressure Rise/
Near Stall Throttle. ,

> BLADE ELEMENT DATA ROTOR INLET

IMMER L L] BETA cz _CU c ALPHA
X MPS FPS MPS FPS DEG_ MPS FPS MPS "FPS  MPS FPS  DEG
h 1.8 55,9 183.5 £3.5 176.4 .72.7 16.4 53,9 11,7 38,8 28.2 66.2 35.4 R,
" 2.8 55,7 182,7 52.8 173.4 71.4 17,6 B7.6 12.2 48,2 21.4 76,2 34,8
: . 3.2 66.3 181.6 62,2 1711 78.3 18.6 68.6 12.8 42,1 22.5. 73.0 34,7
" 4.8 55.2 161.1 51,7 169.6 69,2 19.4 63.6 13,2 43,4 23,5 772.8 34.2
\ 6.8 §5.3. 181.6 51,5 .168.8 68,2 28.4. 66.8 13.3 43,8 24.3. 79,9 33.1
7.0 55,4 181.7 B1.1 167.8 67,3 21.2 .69.6 13.8 44,2 25,1 82,5 u2.3
18.% 56.8.183.8 51.1 167,7 65,6 22.9 76.3 13,2 43,3 26.5 86,8 29.8
) 16.8 §7.2 187,7 1.7 169.6 ©64.5 24,8 89.2 12.1 39.8 27.3 89.6 26.3
i . 20.8 §7.6 188.9 51,7 169.7 63,8 25.3 82.9 11.6 38.1 27.8 91.2 24.6
38.7 57.9 193.1 51.8 169.9 63.2 26.8 86.3 18.6 34,7 28.1 92,1 2c.1
§5.8 57.2 187.7 50.6 166.8 62.0 26.7 @7.6 9.8 32,1 28.4 93.3 24.1
70.8 B4.7-179.3 47,7 186,686 68,7 26.6 87.4 12,7 35.1 28,7 94.2 21.9
gg.2 82,7 172.8 46.) 181.3 60,9 25.8 83.6 11.3. 37,2°27.% 81.5..04.2
85.9 51.4 168.7 45.8 147.5 68.8 24.9 B81.8 12.8 39.4 27.7 90.8 25.7
9.8 49.9.153.6 43.4 142.3 . 63.3 24.6 .88.7 13.1 43.8.27.9 91.4 36,8
93.8 49.4 162.8 42.6 139.9  59.5 24.9 81.7 13.6 44,5 28.4 .93.0. I6.5-
95.8 49.5 162.3 42.7 148,2 59.6 24.9 81.6 13.2 3.5 28.2 92.5 28.9
96.9 49.8 153.5 43.4 142.3 6£.3 24.6 . 80.6 12.5 4l.1 27.6 94.5 26.9
97.9 S3.3 164.9 44.8 144.4. 61.0 24,3 79.6 11.8 38,6 27.8 88.5 25.8
98.9 59.7 166.5 44.9 147.2 62.8 23.7 77.6 18.8 33.5 26.8 85.4 24.5

BLAOE ELEMENT DATA ROTOR OQUTLET / STATOR INLET

IMMER W Wy BETA
X MPS FPS MPS. FPS  DEG
3.1 98.8 28,8 92.9 68.%
26.2° 95.7 26.6 B87.4 65,7
28.3 92.9 25.4 83.3 63.5
27.9 oi.4 24,4 B80.1 61.8
28.1 92.3 23.9 78.3 §7.8
28.4 93.2 23.3. 76.6 685.1
3g.1 98.6 23,2 '76.2 58.4
34.3 112.8 24,7 82.9 45.8
38.1 125.1 26.8 B87.8 44.5
43.9 134.1 29.2 98.7 45.4
39.3 129.1 27.5 98.2 44,2
34.6 113.5 23.5 77.8 42.6
31.9 144.8 21.3 69.7 41.§

39.7 105.6 19,5 63.8 39.3

3g.6 99.4 18.1 59.5 37.1

20,9 9g.2 17.3 6.8 35.3 24.4 88.1 38.9

29.7 97.5 16.8 55.0 -34.3 24.5 89.5 39.2
16.8
16.1
16.8

(2]
N

cu c ALPHA
FPS MPS FPS  MPS
35.9 37.1 121.9 38.7 127.1 73.4
35.1 38.5 126.2 44.3 72.6.
41.2 39.6 138.9 41.¢6 72.2
44.1 40.5 132.8.42.7 71.4
49.8 41.5 134.4 43.6 5.8
§3.1 41.3 135.4 44.3 68.4
62.6 41.1 134.8 45.3 64.9
.78.2 39.2 1208.5 45.9 5E.5 .
89.1 36.6 120.8 45.5 52.2
§3.9 33.2 185.8 43.8 0.1,
92.3 32.9 127.9 43.3 19.3
83.3 35.9 43.2 $3.9 ,
78.2 36.2 43.4 56.5 ]
77.8°37.5 da.4 57.6
78.4 38.3 45.2 57.9
45.9 57.7
46.3 57.8
46.4 152.1 §8.1
46.5 152 6 50.4
46.3 151.9 ©59.9
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BLADE ELEMENT DATA STATOR QUTLET 1

IMMER w AL BRTA 4

X MPS FPS  MPS. FPS DEG MPS FPS
1.9 5.3 181.4 51.6 169.4 8.8 19.8 64.9
g 54.8 179.8 50.8 166.6 67.7 28.6 67.8
# 84.6 179.0 52.2 164.7 §6.2 21.4 78.1
@ 4.5 170.7 49.8 163.3 65.9 22.1 72.%
£ 54.6 179.2 49.6 162.7 65.1 22.9 75.8
2
-4

b4

mm—-umN—-mwmm-n
c

FPS MPS FPS  DEG
44.5 24.8 78.7  34.3
47.8 25.1 82.3 34.7°
48.5 26.8 85.3 34.5
49.6 26.8. 87.9 4.3
49.9 27.5 98.1 " 33,6
48.7°28.8 91.9 31.9
52.3 28.8 94.6 32.1
46.1 29.1 95.4 28.8 :
41.2 28.4 983.1 6.2 1
35.3 28.4 93.8 Il. :
32.6 28.4 93.3 0.4 :
35.6 28.3 93.98 :
7.4 27.6 .98.4
42,1 28.8  91.9
S 46.7 28.5 93.4
47.4 20,3 92.9
44.6 28.3 93.¢
42.4 27,9 91.5
39.4 27.8 88.6
- 38.4 26.1 85.8

st X

55.2 180.9 49.8 163.3 64.3 23.8 78.8
B4.7 175.5 49.8 168.7 63.3 24.4 8£.1
. 6.9 55.9 183.4 49.8 163.3 62.7 25.4 83.5
28.8 56.8 186.3 50.8 166.5 63.2 25.4 83.4
3¢.8 57.9 189.9 51,6 169.3 62,9 26.2° 86.8
59.8 57.1 187.2 56.5 165.5 .62.0 26,6 ©97.4
78,9 54.3 178.2 47.6 156.1 61.¥ 26.2 85.9
a8.8 52.5 172.1 46,1 151.1 61.2 26.1 @82.4
85.8 58.7 156.3 44.1 144,83 60.4 24.9 81.7
9.8 48.9 1€7.5 42.3°138.6 59.6 24,7 88.9
33.8 48.3 158.5 41.7 136.9 59.5 24.4 79.9
958 49.2-161.3 42.4 139.1 59.4 24,5 81.6
96.8 49.6 162.6 43.8 141.8 . 89.9 24,7 81.8
97.8 §8.2 164.56 43.9 144.1 68.9 24.3

988 49.8 163.4 44.9 144.3 61.8 23.4
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| Table 19. Blade and Vane Element Performance for Roter B/Stator B, Four-
| Stage Configuration, Third Stage Tested, Open Throttle.
)
ROTOR BLADE ELZMENT PERFORMANCE' .,
) ;
)
, IMMER . WHIEL REL. LOSS LOSS REL., DIFF. REL., INCID, DEV.,
' (%) SPEED TURNING COEF. PARA. MACH FACT. MACH ANGLE ANGLE ‘
- MPS FPS ANGLE NO., NO.  DEG DEG . i
~ DEG _ IN ouT ¥
- 1.8 64,3 231,99 2.0 0.875 0.964 ©.156 #.466 #.126 =1.5. 25.4
; 2,9 64,2 217.89 5.9 9.103. %.789 £.158 2.50Y. J.,142 =-2.4..23.2
3.4 64,1 218,37 6.9 g.121 #.147 2.154 7,523 5,989 =-3.4 24.3
4.8 64.9 217,85 8.6 g.141 £.126 ©.155 7,837 J.4998 =-4.6 17.32
5.9 63.9 209.74 10.9 $.157 @§.142 3.156 4,544 9,999 =-5.9 14,6
7.8 63.7 299.19 11.4 g.169 £.146 @.187 &.54% #4160 =7.1 12.2
18.8 653.4 243,18 11.5 . g.144 £.133 @.158 ¥,5838 5,145 =-9.5 9.4
15,8 63.8 246,57 14.8 g.1¢2 £.995 J.161 7.462 J.113 =-9.7 5.8
28.8 62.5 254.93 14.3 2.069 @.865 @.164 ¥.413 J.121 -14.8 8.1 ‘
3.4 61,5 231.81. 13.7 g.956 @.853 #.189 ©.38% 5,127 -15.6 4.2 ;
9.8 59.6 195.47 13.6 -.g99 -.008 §.164 9.38% H,127 -13.7. 7.8 %
79.8 57.6 109.13 14.7 -.0158 ~.514 8,187 #.373 g.129 -12.3 7.9 R
8¢.¢ 56.7 105.96 185.8 5.996 £.9096 §.154 ¥.48¥ J.114 -13.6 6.3 R
85.9 55.2 134.383  16.6 F.811 G.518 Z.15% 7,415 .11 -13.8 4.3 1
9g.4 55.7 182.79 17.7 0.893 @.963 J.147 2.43575,196 -12.6 4.4
93,8 55.4 181.84 17.3 -.g11 =.918 #.145 4,442 7,133 ~14.5 3.6
95,9 53.2 151.21 16.5 ~.931 =~.G30 #.142 9.446 9.159 -15.3 7.1
96.9 5%.1 i84.39. 17.8 -.¥138 . ~.918 @.142 5,459 J.499 -15.9 €.3
97.8 §55.% 187.57 19.1 ~.g15 ~.@15 J.141 7,474 9.997 -14.4 6.9
98.9 54.9 iuJ.26 2€.8 . ~.915 -.916 9.141 9.491 5,996 -12.9 .9
TORQUE = 7929.14 IN.-LB. 3
STATOR VANE ELEMENT- PBRFORMANCE
IMMER  WHEEL A8S, ABS. ABS. INCID. DEV. LOSS LOSS  DIFr.
% SPEED TURNING MACH MACH ANGLE ANGLE COEF. PARA. FACT.
MPS FPS ANGLE NO.  NO. DEG DEG 3
~ DEG IN ouT »
1.0 54.3 211,899 29.8 . g.997 #.0874 =4.4. 14,1 =-.,1950 -.1986 /4,3984
2.9 64.2 217,69 28.8 7.193 #.979 =3.7 15,3 =.131 -,1279 4.3988 »
3.9 64.1 213.37 29.¢ ¢.109 ¢.983 =-3.2 15,8. =-.79849 -.5821 g
4.9 64.9 209,85 28.8 J.113 8.486 =3.5 15.3 =.4477 ~.0467 d. 1
5.8 53.9 249,74 28.4 g.117 2.887 =3.9. 15,3 =.9183 =.417% y. 41 g
7.8 83.7 ZY9.1¥ 27.2 J.12¥ 9.009 =3.8 15,3 8,587 5068 . ¥
10.4 63.4 23,15 24.5 #.,122 4.438 -5.8 16,3 0.4492 4.948" . : A
15.9 53.9.256.87 22.8 $.125 9.087 =-6.6 15,3 4.17485 H09270 .4 v
20.8 62.5 204,93 21,8 g 128 ©.6388 -7.9. 13,5 9.7954 J..0937 . |
39.8 61.5 51,81 21.4 4,123 F.489 =9.3 1.3 &.uB31 000828 .4 ‘
5.4 39.6 135.47 21.5 g.123 9.491 ~14.3 8.7 F.5485 J.0450 AL
79.8 57.6 139,13 21.8° Wo\27 B.095 =141 9.7 Hodd.d SdA80 s .
8g.9 356.7 1u5.95 22.9 H.129 @.997 =14.5 - 9.2 H.J467 0460 (0 J
85.8 35.2 134.33 23.4 #0129 4,996 ~14.7 9.2 F.0399 00490 .
9g.8 55.7 i32.79 23.8 9,129 F.996 =11.1 9.1 U874 00860 0
93.4 335.4 !31.34 23,4 g 128 °0.095 =11.8 9.7 J.J387 J.oJaBl s
95,9 3%.2 131.21 22.9 G128 T.297 =11.6 9.3 05836, 0.0620 .
96.9 33.1 . ..0.39 23,7 Ho109 .97 =11,3 9.5 T30 0l
97.8 G3.4 .af.87 23,4 G100 gLU9 =11.3 . B. Jorian g 18
98.4 51.9 '.J.25 23.7 S.129 4,965 =11.9 8.0 S, 2892 U280 J.40
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o Table 20. Blade and Vane Element Performamce for Retor B/Stator B, Four-
: Stage Configuration, Third Stage Tested, Design Point Throttle.

.
ROTOR BLADE ELEMENT PERFORMANCE
N i
: P
. IMMER WHEEL . REL . LOSS LOSS REL. DIFF, REL., INCID, DEV.
(%) SPEL0 TURNING COEF. PARA. MACH FACT. MACH ANGLE ANGLE
MPS  EPS ANGLE NO. NO. DEG" DEG
DEG IN ouT
; 1.0 65.6 2185.32 1.6 g.114 ©.097 9,188 0,578 #.488 =-5,7. 28.4
r 2.8 65,5 214,99 2.3 #.141 ©.121 8,187 4.617 g.098 =1.6 89.7
3.8 65.4 214,67 2.8 g.176 @.152 .,187 7,656 g.986 =2.8 .8.2.
4.8 65.3 214,38 3.9 0.195 ©.178 5,187 4,681 #.583 =3.5 43.1
.0 63.2 211,02 5.7 J.2647 3,183 &.188 7,692 9,982 =4.4. 1.3
7.8 063.8 1.3.38 3.9 g.193 4,174 §.188 4,676 g.938 ~5.2 14.2
19.9 54.7 212,41 12,8 9 162 0.148 #.158.9.647 4,999 =6.6 1.9
15.8 $4.2 214,79 18,1 g.186 8,099 §.161 U,862 J,191  =8.2 9.8 .
2¢.9 63.8 2J9.17 15.% J.068 Q.963 #.164 4,587 g.118 =9.3 5.8
3g.8 $2.8 295.94 18.2 §.016 g.815 8.167 J.445 9,119 =~9.3 5.9 3
§7.0 64.8 198.47 14.6 g.991 4.991 9,165 7,443 g.117  =4.1 4.1 1
79.¢ 58.8 :133.04 18.3 -.g18 =-.817 9.158 #.487 7,109 ~19.1 3.7 .
8g.8 57.3 159,75 16.7 -,015 =.914 @.154 J.482 9,143 =-11.9 oL
85.4 57.3 193.1% 17.3 -, 323 -.822 g.1851 #.589 .9.198 -11.3 .4 j
9g.8 556.9 135.53 18.9 - g33 -.§37 ©.147 F.516 9.498 -11.6  %.2 ‘
g3.0 $5.6 !3%.53 18.9 -.861 =,959 g.144 Z.819 J.994 =12.4 e 3 !
95.4 353.4 134.91 19.2 - 93 -.49F ¥.141 #.516 §.093 ~13.4 .U i
96.7 55.3 134,59 260.9 -19a =-.1@1 §.148 3,827 9.992 =11.9 6.9
87.8 5G.2 134.25 22.9 -'117 =.114 #.149 9.831 0.991 -19.8 8.4
gg.# 556.1 133.94 25.4 -.284 =.276 H.139 §.487 g.991 =8.4 5.9
TORQUE = v9.19 0 IN.-LB.
*Loss Coefficients Computed from Fixed Rake Data
STATOR VANE ELEMENT PERFORMANCE
IMMER WHIEL A8S. ABS. ABS. INCID. DEV. LOSS LOSS . DIFF.
“ SPHED TURHING MACH MACH ANGLE ANGLE COEF. PARA. FACT.
MPS  FeS ANGLE NO. NO. PINe DEG
DEG IN ouT
1.8 65.6 213,32 36.3 5.105 @.568 2.1 14.1. =.0674 -.G5E .5574
2.9 65.% 214,93 37.2 $.119 8.872 3.7 14.6 =.0131 - iY77 H.5ABE
3.9 85.4 214,67 38,9 g.114 £.6876 5.2 14,1 G.9194 y.UL1B% J.5478
4.0 65.3 211.35 29.4 g.118 9.0979 5.9 14.9 g.3481 g.724710 H.5480
N 5.0 85.2 ii4.92 38.7 g.121 g.981 5,7 14.3 0.0793 o080 L5448
7.9, 65,9 1.3.33 36.3 G124 g.g82 4.5 15,1 7.7381 7,664 1. B3NEG
19.8-064,7 201,418 33.2 g.127 4,84 2.3, 1%,35  J.1127 L35 T HUGE
15.9 34.2 215,72 33.1 Y158 7.986 ~0.4 13.0 9.1081 J.14950 LBy
29.9 $3.8 1u9.17 20.8 G 127 8.938 -2.3 12,0 F.4828 J.0010 IR
3g.9 32.8 2%, 26.1 G126 4.J88 =4.8 1403 G.9597 JLrsdi RV
§4.9 3J4.8 192, 27.1 G153 0,989 -4.7 8.7 04.9336 J.o3U0 0 BERIR
70.9 53.3 53,70 28.8. o158 g.U9n  -4.6 8 5 G.jadgonle R
8g.8 57.3 139.74 28.4 G127 H.400  =4.9 8.3 J.0B8Y 8T RS
85.4 37.3 (o013 27.) G127 4.49% ~5.5 1.7 900889 .08 NIy
9g.0 55,9 .3.352 26.10 Joi27 a.d9d =s.p 1000 ISR RN BRRANEE L R P R
93.7 33.6 ..3.55 125.7 180 o9l - =6.8. 11,7 Jud8I8 . iddl s
95.7 35.4 .2».91 15,4 Goi%g gimed  =7.0 0 LL.3 HLUTBYLTA T
96.7...33:.3..7.8) 25300 Jo131 gagu =703 7.5 .11 daitdt Ll
97.9 33.2 L2505, FIREIEN O CRE I B W AR S R SR S Tea D
98.48 ld.1 R AR PRI UL R I R DI AL LA R
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' Table 21, Blade and Vane Elament Performance for Rotor B/Stator B, Four=-
= Stage Configuration, Third Stage Tested, Peak Efficiency Throttle.

) ROTOR BLADE ELEIENT PLRFORMANCE

%
L REL ., LOSS . LOSS REL, DIFF. REL. INCID, BEV,
ED) TURNING COEF. PARA. MACH. FACT, MACH ANGLE ANGLE

-
=
=z
[22]
e
-
=

B v o =4

MR Ty X 131

/ (%) SPEY
\ MPS " FPS. ANGLE NO, NQ., DEG. DEG )
DES IN ouT
1.8 6%.2 213,83 3.5 g.118. @.799%4 9,169 4,878 4,997 4.8 27.9
2.9 65,1 213,51 5.3 F.14% 8,122 9,168 9.613 ¢.293 =4,3 .28.5
‘ 3.8 65.9 U13.19 7.2 J.160 B/,1468 9,169 7,64 7,839 =<1.3  LR.Q —
' 4.9 64,9 2:2,87 9.4 g, 178 @.151 ¢.153 U.883 o, 038 -2.3 .. 14,2
5.8 64.8 212,84 11,3 7,176 $.159 9,189 9,653 o -3.3 4.9
7.8 64,8 211,99 13,3 g.172  g.1%7 u 159 ¥, 6549 . 4.2 12,9
19.80 64,3 214,94 . 16,0 .18  g.1406 g.161 4,627 G.@94 =B, 4.3
18,4 $3.3 :J9.33.17.8 7,148 ﬁ.ﬂga.ﬂ.IGB J.889 J.l1dd =7.4 0 8.2
29,8 3.3 2J7.73 17,3 §.871  g.866 Y.166 U.5¢3 y.112 -3.3 1.0
3¢.8 62.3 244,51 17.9 9.024 B.723 ¢.168 u.457 7,118 =8.8 5.8
5.8 65.4 lv8,99 16.3 g.918 P.009 g.163 Z.464 v, 114 =7.8 7.9
70.6 58.4 191,66 16.9 §.021. B.020 9.157 5.592 J.1493% . -8.3 8.8 .
87.9. S57.4 .1359.4% 18.9 9,438 §.437 9.183 7.525 5,199 =-8.7 4.1
8.0 57.9 183,83 20.2 Jg.019 £.918 J.149 4,838 g.398 =-3.7 7.8
99.8 356.5 185.24 21.2 -.092  =.082 #.,145 §.549 ¥, 493 -~v.4. V.3
93.0 %3.2 134.25  21.9. -.032  ~.831. 9.143 J.855 J.091 1008 8.3
95,8 553.0 iu3.83 22,3 -~ 048 =~ 045 0142 J.888 0,09 -11.3 . 5.4
96.4 55,9 133.31 23,7 - B48 = ¥47 P.142 J.566 J.489 ~14.06 1.9 ;
97.5 55.8 iv2.,99 28.2 - 023 -.422 0.143 J.599 9,888 =9.4 4.8 '
98.9 83.7 182.87 26.7 F.419. ¥.919 0.144 U629 J.485 -3.8 ot ;
TORQUE = QB3v/%.77 IN.-LB.
*Loss Coefficients Computed from Fixed Rake Data
STATOR VANE ELEMENT PERFORMANCE
IMMCR IR ERIR ABS. AB3S. ABS. INCID. DEV. oSS LISS  DIFF.
% SPIED TURIIING MACH MACH ANGLE ANGLE COEF. 2A2A.  FACT.
MPS  +VS ANGLE HO. NO. DEG CES
DEG IN ouT
1.8 53.2 213.82 34.4 o83 0978 0 V.8 18,9 =, 1437 -, 144870 §.,6177
2.8 6%.1 113,81 34.9 $.479 9.973 1.9 15,5 =022 =.0703 0.8247
3.8 35.0 213,19 34.4 g.114 ¥.876 2.2 1%.7 =.5193 =-.0188 #5318
4. 84.9 211,87 34.2 d.119 9,979 2.1 15,3 g..0208 J. ;
5.6 34.8 212,54 33,4 U.122 g.530 1.3 1%.8 WJ.gb21 .
7.8 54,8 211,99 31.8 L 128 1,482 1.2 16,0 J.37673 ¢ ,
1.0 G3.3 200,940 29.2 u 129 J.484 U8 1705 Sa1les
18,6 33.0 .0v.33  27.1 o1 U84 =204 13,3 41073 .
20,8 63.3 470730 25.3 J.129 T.002 0 =308 13,4 T.1098
37,0 32.3 wid.Bl 25,9 77 Jo126 g.589 =4.2 1001 gLInsy .
8F.9  87.4 108,99 27.7 Jo123 goang =3.2 0 9 4.J>13.
78,8 53.4 131,65 20.7 G124 90083 =2.3 WL 400007
BY.9 3/.4 1;..44 26,9 SO126 7,082 -2.4  WJ.3 SL0BL8 gL
£5.49 V.0 173,350 27.0 o127 .83 =40 11y 1..5;& :
96.9 33.% 4:%.21 27..1 R EOINT BRI S Y SR DU U0 S UL SN N
93,7 33,2 i.4.23 26,7 Jo13: 000870 =503 1. J.;;/;.
- LI SR I : Si53 0 2.9 oL H.u87 0 =g.s LS faae
96,0 55.9 3031 @709 A D B T DY 0¥ S PO B I B P ISR |
97.3  33.3 0 L0900 duLd FRER TN 5+ S R N SR DEORY PUINY ) !
98.4 1i.7 SR T IR SO B SCIN S AN UNVIFS |
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Figure 22, Blade and Vane Element Performance for Rotor B/Stator B, Four-
Stage Configuration, Third Stage Tested, Peak Pressure Rise/

Near Stall Throttle.

|
l ROTOR BLADE EL:MENT PERFORMANCE

IMMER WHSEL

(%) S
MPS

PIED
FPRS

 REL,
TURNING
ANGLE
DEG

*
LOSS
COEF.,

LOSS
PARA.

REL. 1
MACH A
NGO,
ouT

NCID,
NGLE.
DEG

: 1.9 65,2 213,94 4.2 8,162 0,137 @.168 4,678 8,096 2.8 .
4 2,9 65,1 217,83 85,7 J.178 0,183 #,189 4,694 ¢,983 o7 .
3.0 65.8 213,26 6.0 $.189 Q.16% @.158 4,712 J.081  =9.4 .
4,0 $4,9 212,93 8.3 3,108 H.175 .18 #,723 4,484 -1,8% .
5.5 64.8 212,61 15.4 g,201 8,179 9,183 9,721 4,904 “2.8 1i.8
7.0 64.6 111,97 12.1 4.240 @.184 H,188 g.718 5,981 0 =34 1Y
18.9 54.3 21091 18,2 F.198 @.175. 4,168 9,691 J.,086  -=5.L N
15,56 63.8 279.49 18,7 J.138 ©.129 $.163 4,615 5,438 =8.2 5.3
20.9 63.3 237,79 19.3 g.874 @.966 ¥.165 7,633 J.0169  =8.7 Al
33.0. 62.4 274,88 17,7 - 085 -.,004 3,168 9,468 0.117 -6.,7 Dol
5.8 G¢.4 198,15 17.8 9,943 9,943 #.163 9,485 7,112 =8.4 7.6
7.0 58.4 191,73 18.1 5.g29  Z.,827 U156 9,582 J.929 . -3.5 0.4
30.9 57.5 133.51 18.3. ¢.937 ©.43% F.181 7,587 4,991 -6.4 R
85.0 57.9 105.91 21.6 §.4536 -9.938 ¢.147 9.605 7,088 5.7 3.8
9g.8. 55.5 135.3% -23.2 UG8 -, 097 9.142 4,602 §.,085 =7.5 7.1
93.9 55.2 104,34 24.3 -.g35 ~-.9U34 £.141 3,599 7,985 -3.8 3.7 ]
98.0 65.9 1:3.69 25.4 -.g32 =,031 §.141 5.698 J,988 -3.6 3.1 4
96.9 55.9 133.37 '26.4 ~.g24 -.923 g.142 3,624 0.984 =3.0 4.9
97.4 55.8 133.95 27.5 g.093 £.063 9.144 7,641 0,983 ~7.4 B
98,8 5%.7 122.73 28.2 g.934 £.033 5.145 #.682 J.882 =6.4 3.1 P
TORQUE = Qu33,38 IN.-LB.
%Loss Coefficient Computed from Fixed Rake Data
STATOR VANE ELEMENT PERFORMANCE
4
IMMER WUHZEL A3S. ABS. ABS. INCID., DEV. LOSS L0SS DIFE. 4
“ SPIEID TURNING MACH MACH ANGLE ANGLE COEF. 2ARA. FACT. ‘ i
MPS  ¥éS ANGLE NO. NO. DEG DEG
, DEG IN ouT ‘
1.9 6%.2 213,97 39.1 F.119 9.068 5.0 14.2 =.0397 -.,4394 7.5089 ;
2.0 53.1 213,83 37.9 g.115 4,671 5.2 .15.3 ©.9872°5.,0975 4.3418
3.0 85.9 213.23 37.6 4,119 §.8974 .7 15,9 G.9364 .9.:6358 0.5.01 !
4.8 64,9 212,93 37.2 0.122 9.076 5.8 16.2 Z.7%81 5.J586% .56
5.9, 54.8 12,61 36.2 g.124 4.078 5.4 16,1 H.474775.0730 o8 ;
7.0 34.6 111,97 36.8 U196 4.080 5.1 18,5 G.U871 0B85 L 5un :
1g.4 64,3 .Uy 32,8 J.129 4.982 3.7 17.1 40014 7,0990 L5065
15.0 $3.8 2.7 09.7 U.131 g.083 4.5 15,3 0.1179 J0116. 07,5008
20.0 63.3 V.79 27.4 $4.0124 .oyl =2.3 13.7  .0F63 0, 1Fd0 530 i
37.8 32.4 L7459 26,3 g.125 .81 =3.8 1003 &.T742 S4.473% 5.0 !
5.9 - 54,4 .123,16 28,0 go124 0.081 2.7 0 3.9 H.Y536 a8y SLG.D
70.9 58,4 21,73 3144 g.123.8.581 .1 1003 WLT69Y A0n LY
8.8 B7.5-1uu.81 32t 7124 g.079 0.6 1101 J S SaeEn S Y
85.8 37.4 13,91 3400 [ IR DO AT AL 13 o 12,00 .B3% 60 RS IRACAY 1
80.0 53,5 .30 20 Jo1PY J.481 0 =17 L4 e eS0T s
93.4 38.2 L3 27 o131 J0ul =304 1307 03l IR ST
93.0 3., :oi.slr 29D YRRUTIINT BTN E Y WA B W0 PR P SIS | 151 L
96,0 3.9 .37 399 NIRE R ANy EEEY W A RO B PR DD SE I
97.45 3.3 RO T PI R 20 2 T T U DU PUSD S50 S FOOR S BT
98.4. 38.7 ..1.73 SQ.U o0 W78 =BLD 0 Ga b JaadR2 owalld st
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Table 23..

Computed for Ut
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BLADE ELEMENY DATA ROTOR INLET

IMMER
X.

w LU
MRS FPP8 MRS

Q. 86.3 181.3 80.2
T8 87,81 8

21,6 88, 9 194.6 82.8 172.4 62 3 27.6 80.%
31 2 88.8 156.4 82,
Q.5 .82.6 195 7 8.

...---—-.

BETA cZ
FPS DEG MPS FPS

168.1 65 € 22.8_ 78,0 18,4 80.5. 27.8 90.4 34.0

170. V7 @8, 7 8a.

Design Intent Performance for Rotor B/Stator.B
= 65,73 mps (215.64).

ALPHA

cu c
MP§ FP8 MPS FPS DEQ

).
498 B 19377 80
88 1 68.3 191.1 49,
88.6 87.1 187.4 48,
78.3 58.3_181.4 46,7
32 2 44,

4
[}
(]
8
8

100.0 47.7 186.5 39.9 11,0 56 8 20 1

11,1 96.5 28.7 7.6 R2.0
172.1 61.2 20.8 94,8 10, a 03.7 30,6 100.3 18.6
170.0. €5.3 20.6 97.0 ng 2.5 31.2 102.3 _18.6
166, 9.5 90, ) e BT 605 8T8 A
163.4 8.8 30,2 39.1 10.1 93.2 31.9 104.8 18.8
189.0 B88.1 30.2 89.0 10,8 34.0 31.9 104.7 8.1
1:2 ; 87.8 29 8 :7 .2 11,3 87.1 81.7 104.1_20.8
85.7 15.9 ©2.3 30.6 100.3 31.4

BLADE ELEMENT OATA RSTOR GUTLET /. 8TATOR INLET

IMMER L

BETA

LU
t MPS FPS MPS FPS DEG

0. 84.8 113.2 29.0_98.0 87.1 13 7

11.8 38,8129, GO.
21.8 42.4 139 O 31,

40.% 43.6 143.2 31,1

89.1 42.0 137.8 28.4 '93.2 42.8 91, .0 101, 7 31.8 1
68.%5 40.7 133.6 26.8 87.3 40.7 380.8 101.2 32.4 1
1

78.3 38.8 126.4 24.1

100.0 28.8 93.7 18, 5 80.8. 32.9 24.0 70 8. 40 4 132,

104.

102 i)

2 48.8

44,

78.1 38.7

ce
MPS FPS

26,1 2.1

30.1 90 ?
8.3

BLADE ELEMENT DATA STATOR OUTLET

IMMER

BETA .

W Wy ,
l MPS FPS MPS FPS DEG

cz
MPS FPS

85.3 181.4 80.4 165.4 65.8 22.7 74.8

iT 8879 1.9

21.8 88, 3 194 5 82.8

31.2 88.8 196.2 82.8

40.8 59 6 196.6 51 9
83.

89,1 56 2.180 8 49 9

68.6 57.1 187 2 48.6

.4 1 44,

IOO 0 47.7 186.8 40.0 181.3 87.1 2%8.9 8%,

0.3 63.9 28.% 883.

va.
72.
70.
3.

1
1
1
1
1
1

44,

6 62.8
3 61.8
2 _60.8
.3 8.7
7 88.0

89.4 88.3 29.9 9
78.3 88.2 181.2 48.8 183.8 87.8 29.4 96

9 4

ROTOR BLADE ELEMENT PERFORMANCE -

27.4 89,
28.8 . 93.
29.3 _96.
290.7 9
30.0 98,

8.

O ONAONGGQ

28,2 92,

cu
MPS FPS

33.8

cu
MPS FPS
5.3 50 2
2.

i 35 3
2 383.4
9 32.4
] 4
.0 32.9
4 34.0
2 _36.9

q
B -8

1.9

c ALPHA
MPS FPS  DEG

81.4 96.8 120.6 41.2 135.3_63.0

31.8 104.3 42.
81.2 45,8 1495 1’8 104.8 47.0 25,8 . 97.7 30.7 100.4 4
48.8 30.6 100.3 30.6 1

38.1 48.8..

c ALPHA
MPS FP$ DEG
27.4 839.8 384.0

29.8..96.8 22.0 —
30.3. 9%.8 19.6.
31.0 101.8 18.6

31.6 103.7 18.8
31.7 103.9 19.1
31.8 103.3  20.9
24
30.4 99.6 31.4

IMMER WHEEL REL. Loss LeSS REL. DIFF. REL. [NCID. DEV.
(%) SPEED TURNING COEF. PARA. MACH FACT. MACH ANGLE ANGLE
S ANGLE NO. NG. DEG DEG
DEG - ) . IN ouT
O. 87.6 189.00 8.8 0.096 0.086 0.142.0.%88 0.088 -85.1 17.1
11, $6.6 18%.74. 12.6 0.068_ 0.062 0.148 0. 463 6.101 -7.8 10.8
21. 8 TY87 182 .88 13.8 0.048 0.04 . 182 -8. .
31.2 B4.9 180.18 14.2 0.037 0.03% 0.184 O. 423 0.112 -8.8 7.7
40.8 34,1 177.82 14.8 . 0.034 0.032 0.1%% 0.419 0.112 -8.8 7.8
49.8 53.3 174.88 1%5.4 0035 0.033 0.152 0,425 0.110 -8.9 7.8
172.2% 6. G.038 0.037 C.1 . -9. .
3! 6 -51.7 169.85 17.4 0.044 .0.042 0,147 0.447 0.104 =8.1 7.2
78.3 $0.8 166.80 18.9 0.049 0.047 0.142 0.471 0.098 -8.6 6.8
88.6 S0.0 163.88 21.0 0.08%8 0.0%3 0.13%5 0.812 0.090 -10.6 5.9
.0 48,0 180.83 2Y.9 0.061 0.0%9 0.122 -Q. 4

" STATOR VANE ELEMENT PERFORMANCE

ABS. INCID. DEV.

IMMER  WHEEL . ABS, ABS,
5 _SPEED____TURNING
5 T 5 5
'DEG IN  eut

0. 87.8 189.00 29.0 0.108 0.070 -
11.8 86.6 188.74  27.2 0.107.0.073
2. : 0.076 -
31.2 84.9 180.18 .26.3. 0.110 0.078 -
40.8 84.1 177.82 28.4 6.111 0.679 -
49.8  33.3 174.88  26.7 0.112 0.08Q <
: 081 =
83.5 B51.7 169.38 27.3 0.118 0,081 -
78.3 B86.8 166.80 27.6 6.116 0.081 -
68.6 80.0 163.88 . 27.7 0.118 0.079 -
o : 9. ] 0.120 0,078 -

rw~~ovooloe

LOSS LESS DIFF,

MACH MACH ANGLE ANGLE COEF. PARA.. FACT.

CORNOWOGWaN
! SN
NN olovoP
sihvoojvu—-w-dorn

.0840 0.0821 0.8210
0820 0.0612 0.8000

e

Q.

0.0350 0.0047 0.4810
0.0300 ©0.0298 0.4530
6.0300 0.0298 0.4510
0
0
8

10390 0.0387 0.4810

.03%40 0.0836 0.4780 -.

D.0740 0.0732 0.4970
. a .
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, Table 26, Vector Diagram Parameters for Rotor B/Stator B

Four-Stage Configuration, Third Stage Tested,
, Increased Rotor Tip Clearance, Open Throttle.

by
BLADE ELEMENT UATA OTOR INLET.
N
] IMMER \Y) WU BETA c2 cy c ALPHA
“ “ MPS  FPS MRS FPS pligel MPS FPS MPS  FPS MPS FPS LG
\ g. S2.1 170.8 43.4 188,7 60,1 19,2 63,1 16.9 §5.3 28.6 84,8 4.1
1.0 50.4 153.2 46,8 152,8 67.2.19.4 63.5 1g.7 61.2 26.9 83,2 43.8
- 2.8 5.4 155.2 46,8 151,09 65.8 79,56 67,1 19.0 62.4.27.9 ul.6 A2.8
3.9 84,8 136.6 46.0 1%7.8 64.6 21,6 70.9 19,3 62,3 28.8 94.4 4.2
4.0 51.1 147.6 45,9 13W.,8 63,7 22.% 73.8.19.4 Go.3 29,4 V.G L
5.9 52,1 171,00 46,5 162.4 62,8 23,6 77.6.18.3  6J.9 29,9 3,00 7.0
7.0 82.8 173,4 46.8 183,86 62,1 24,6 89,7 17,8 3.3 30,3 49,6 .8.Y
10,0 83.6 175,08 47.2 184,99 31,8 25,5 83.5.17.4 BY.,9 3.0 140,837
15,0 64.3 1°0,8 47,9 157,28 of.8 26,0 87.3 15.4  $2.4 31,3 w6 w72
20.8 55.3 14,0 40,9 1804 Gl 28,9 91,7 14, 47,8 3108 143,20 w0
39.0. 53.6 112.3 95,2 184,68 48./ 30.3 99,3 12,1 39,7 32.6 W70 «l1.7
BLADE ELEMENT DATA ROTOR OUVLET / STATOR INLET
IMMER \ wu BETA cZ cv C AiPHA
X MRS FPS MPS . FES DEG MPS FPS MPy F°S MPS FPS [KJERe
@. 32.7 1J7.1 29.5 96.9 64,5 13.9 45.7 35.7 117.1 38,3 125.7 (8.8
1.8 39.6 Lr#.5 27.5 90,1 63.5 13.6 44.5 .87.7 123.6 47.9-131.4 .9
2.0 29.6 97.2 26.0 85.3 61,2 14.2 46.6 39, 12G6.4 41.8 136.2 a9.8°
3.0 29.3 5.4 25.9 81,9 58,4 18,2 BI.W dJ.d 131.1 42,8 1493 ad.9
4.0 29.4 6.3 24.3 79.6 55,0 16,5 84,2 4G 133.1 43.8 143.7 87,7
§.0 29.9 4.4 23.9- 78,4 H2.9 17,9 88.9 B 13,0 4400 Tdald §35.)
7.9 39.6 14,5 23.4 76.8 19,7 19.8 64,9 41.1 135,49 43,7 112.8 g2
10.0 33.1 1.73.6 24.2 79.5 46.9 32.6 V4.0 404 131.3 43.9 15,8 S04
15.4 35.6 123,86 27.4 89,9 45,1 27,1 89.1 36,0 113.3 45,3 4809 il
0.8, 42.9 1.0.7 33.7 1.7 45,06 36,9 98.3 32,0 1U4.9 44,3 115,20 47,3
3.9 5.3 1:2.8 32.4 146.2 5.4 31.7 194.2 29.9 V.2 43.6 143,10 42D 1
¢
BLADE ELZMENT DATA. STATOR OUTLET
IMMER W WU BETA - CZ cu. c ALPHA ;
% MRS FRS MPS  FPS VEG MPS FPS MPS F@S MPS  FPS NG ;
g. 53.2 174.4 5.5 168.8 71,7 16.8 54,9 14.7 4u.2 22,1 7.4 41,0
1.0 53.2.17:.,8 53,0 1642 770 18,6 BY.Y 15.1 49,5 23.5 77,4 v
2.9 53.4 175.2 49.8 153.3 8.6 19,4 63.9 15,3 BJ.1 .6 3.8 R
3.0 53.3 175,65 49.7°163.2 47.3 IU.6 B7.6 15.2 49,9 215,86 ut.f R
A0 54,2 1.0 49,8 133,30 66,3 U149 71,0 15,00 49y 26, 506.B Pl
B.g GALG 7.2 49,0 1834 aBLa 2L 73,6 1400 WA ET LS 30 R
7.0 34.8 17003 20,7 132.9 9407 U8.3 76.4 4.0 A0 2706 27 S0 ;
10.0 53,4 13,7 19,5 1623 @301 Qduy CBLL6 1L ddlh gL e at !
15.0 55.6 144,08 ¢9.9 163,83 al.7 D60/ 87.0 13,8 430 3050100 U7 i
20.0 53.4 1315 51,2 16V.9 wlll udad 92,9 ) WA B R IS FVIRRCI PR S o 1
30.0 50,6 1I05.4 dr.g 1pi g S8 2ud gG,3 1J.F 33,4 3.8 10 3 :

(3~
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Table 27. Vector Diagram Parameters for Rotor B/Stator B
Four-Stage Configuration, Third Stage Tested,
Increased Rotor Tip Clearance, Design Point
Throttle, .
BLADE ELEMENT DATA  ROTOR INLET
IMMER Ry wu BETA cZ cv c ALPHA
“ MPS  F93 MPS FPS DEG MPS  FPS MPS FPS MPS FPS NEG
4. 54,6.135.1 47,7 156.6 70.3 16,9 5B8.4 16,6 54,5 23,7 77.7. 4.4
1.4 34,0 .143,9 46.9 183,8 69.5 17.3 56,8 17.4  §7.1 24.5 84.5 45.¢
2.8 8¥.1 14,2 46.6 183,00 G8.% 18,2 59,7 17.5 5§7,.5.25.3 82.9 43.8
3.4 84,3 13%5.1 46,6 152,8 67.5 19,1 62.7 17.5 57,4 25.9 865.0 42.4
4.4 89,9 155.6 46,7 153.1 . 66.6 29,9 685.6 17.3 53,8 25.4 88.7 7.0
§.4 81,2 150.4 46,8 153.5 65.9 20,8 68.1 17.1 53.9 26.9 33.2 129.3
7.4-82.9 173,58 47,8 157.8 . 64,6 22,5 73.8 15,3 52,9 27.5 94.2 35.1
18,4 54,6 179.4 49,40 160.6 63.56 24,1 79.4 14,1 47.3 23.1 92,1 7.6
16,0 66,5 13,3 55,1 164,86 62.4 26.4 85.4 12,3 41.9 29.9 93,2 13
29.8 57.8 11:3.6 $1.4 167.2 51,6 27.3 89,8 11,5 37.7 20.8 97.2
39.8 57.3 1U3.4 $U.1 164.5 G8.9. 27,7 9.9 11.3 37.1 29.9 83.2.

BLADE ELEMENT DATA ROTOR OUTLET / STATOR. INLET

IMMER W WU BETA c?Z cu c ALPHA
% MPS  FP3 MRS FPS DEG MPS FPS MPS . Fi?S 1MPS FPS AT
g. 27.8 1.3 25.9 84.9 68.2 18.2 33.6 38,5 125.3 39.8 139.7 74.9
1,6.26.2 us.¥ 24.3 79.8 67.9 8.8 32.4 39.9 131.4 41,1 134.9 75.1
2.8 25,8 43.9 23.3 76.4 65.4 10.6 34.7 47,9 134.2 42.2 1353.6 75.3
3.0 25.3. ¥3.1 22.5 73.8 62.4 11.7  38.3 41,56 136.4 43.2 141.7 74.1
4.0 25,3 33.1 21,9 71.8 8§9.6 12,7 41,8 42,1 132.1 44,60 114,23 72,4
5.8 25.7 2.3 21.5 7.7 56.8 14.9 45,9 42.3 133.9 44.6 115.3 71,5
7.8°23.6 07.4 21.3 89.8. 52,3 16.J 52.85 42.4 13%.1 45.3 148,749l
1.8 29,1 23.6 22.4 ..72.1 48,8 19,2 -862,9 41.4 135.9 45.7 149.8 5.4
16,4 38.7 148.3 23.7 77.9 45.9 22,9 75,2 39.2 123.5 435.4 143.9 59,5
20,8 30.9 127,56 27.4 94,9 44,7 27.5. 99,4 35.0.11.4.9 44.8.146,2 5.7
IF.L 43,9 LaLLL I3 1101 45,7 38,9 98.4 39.6 14,5 42.9 148.7 5.8

BLADE ELZIIENT DATA STATOR QUTLET
IMMER v wu BETA cZ cy c ALPHA
4 MPS  FeS MPS FPS DEG MPS FPS MPS  FPS MPS FPS DS
g. 54,7 179.6 53.1 174.2 76,7 13.3 43.7 11,3 37.0017.% 57.3 4.1
1.8 84,9 177.1 32,9 179.8 74.4 14.7 48.1 12.3 g.4-12,1 62.8 802.%
2.4 4.2 177.9.51,7 19,8 72.3 16,3 2.6 12.8 45,9 24,5 87.4 37.3
3.0 54,3 173.0 51.3 166.4 70.9 17.6 $7.7 12.7 4..3 21.7 71.3 035.3
4.8 64.4 175.5 51.1 167.6 09.7 18.7 61.4 12.% 42.3 22.7 74,5 2.8
5.2 64.6 1V9.3 31.9 167.2 .88.7 19.7 . 64.6 12.3 42.4 22,6 77.3 2.1
7.9 84,8 174.2 50.4 165.5 67.3 28.% .83.7 13.7 43.4 24.3 61,3 2
19.4 54.9 1 00,8 BU.2 164,83 oG.1 22,1 72,5 13.0 43,2 25,7 Sdod D7
15.9 55.9 1.2.4 87,6 166,10 64,7 23,7 77.8 12,0 4403 25.7 7.6 .3
29.9.87.1 1:7.,3 £1.4 133,85 53,3 24.9 31,3 11.1 35 8 27,3 2.5 oY
39.9 88.4 1.05.3 51.8 162,88  32.4 26,1 885.8 9.7 31,8 27,9 41,5 fod
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Vector Diagram Parameters for Rotor B/Stator B

Four-Stage Configuration, Third Stage Tested,
Increased Rotor Tip Clearance, Peak Pressure
Rise/Near Stall Throttle.

BLADE ELEMENT UATA . ROTOR INLET

IMMER v
“ MPS
g. 8l1.6
1.0 81.4
51.4
1.6
2.7
2.9

2.3

o

~ G.
. .
Gt IN -~

aannntanan
& 01 G1 Gl A1 0% G101
oS
e

€I N = 0
RNQROANTA> N

. Wy
Fes MPS  FPS
159,1 48,8 164.1.
137.2 48,2 188,1
137.3 48,1 187.7
19,2 48,3 183.6.
i3 49,1 1681.2
173,58 49.1 16:1.2
1°5.9 49,2 161.4
14708 9.7 1u3.1
124.9 GiJ.d4 15%.4
124,85 3.5 15%,1
1.9.8 91403 167.,7

BETA
NDEG”
71.9
79.8
79,2
69.5
68!5
68.5
67.1
66,4
65,2
64,4
62!4

BLADE ELEZMENT DATA ROTOR QUTLET

IMMER W
% @S
g, 3.7
1.8 22.3
2.9 22.3
3.9 22.3
4.8 22.7
5.9 23.3°
7.8 21,35
18.9 26.%
16,4 34.2
2.8 34.9
39.9 41.3

BLADE ELEF
IMMER W

%

N

0
D A W e N R N7}

o o .
¢« o

. .

“ s e

U U1 L3 QG UGG UL U O G
RN N1 1 10 1 BF S S s

o o o o

QLI NGISWN —
Lkt RaR

) I\) 2= »—e

WU

FES M3 FPS

(3.6 21,83 79.8
73,1 2.6 67.6
73,1 29.2. 66.3
72.3 19.9 65.4
7.8 19.9 65,3
T3.3 2. 5507
306 2.7 B8LU
27,49 2.8 71.4
40,89 23,8 75.6.
114,7 28,2 32.6
i2u.4 29,3 96.2

JENT DATA

Wy

7S MPS  FPS
172.4 52.9 173.6
173.8 $2.3 171.6
177.7 51.8 163.9
173.6 52.4 171.5
13.5.7 32.4 176.7
15.0,7 51.9 175.2
11,2 81.8 153.9
111.9 51,3 189,2
14,7 31,8 174.9
U 5.0 3200 17446
10,4 81,8 158).9

3iTA
UEG
87.0
67.3
94,9
63.1.
51,1
39.3
37.3
58.1
48.06
A6 .5
48,1

BETA .
NEG
76.2
73.8

72.7-

71.5
7.
7%.
69,
68,
BER
35,
CEN

t3 s iU~

CZ
MPS. FPS
16.6 654.6
16.6 84.5
17.1 56.8
17,9 58,8
19,1 62.8
19.6 64.3
29.6 67.6
21.6 79,7
23.1 78.7
a4.5 84.3
26,6 87.1

cu

/ STATOR INLET

cZ

« o e o a s s + O

P N g ol and
CHmw—Quvoxs
Gl P3O W = e N O

24.2
29.1

STATOR OUTLET

MPS

cZ

13.0°

18.3
15.9
17.2
18.,.9
13.%
19.2
29.3
22..7

ey
‘e v bl

24,9

FPS

28.8
28.4 .
39.8
33.4°
35.3
38.8
43.3
49.6
63.9
79.5
95.4

FPS

45.3
49.1
52.2
56.3
39,2
41.8
82.9
66.7
72.1
76.1
Ul.5

c
MPS FPS.  MPS
16,4 53,9 23.4
16.9 55,6 23.7
17.9 65.7 24.1
16,6 54.4.24.4
15,7 B1.5 24.7
15.4 51,2 25.1
15,3 B5J.3 25.7
14.5 47.7 26.8
13.3  43.8 26.7
12,7 41.5 27.8
11,2 38.7 23.9
cu c
MPS FPS  1iPS
43.9 144.9 44.8
44.5 146.1 45.4
44.8 147.1 45.8
45.4 147.5 46.1
44.9 147.4 45.2
44,7 145.7 46.2
43.3 143,83 45.8
42.% 139.4 45.1
4.7 133.6 43.2
3.1 123, 45.1
33.7 16G.2 44.9
cv ¢
MPS FPS  MPS
12.3 43.4 18.5
12,3 42.1 19,7
13.3  43.5 25.7
13,9 42.5 21.5
12.9 42,1 22.1
12,3 42.2 22.6
12,8 41.8 23.7
12.7 41,8 24.9
11.4 32.2 25..
11.3 37,7 25.3
19.5  34.8 27.3

ALPHA

FPS DEG
76,7 44.8
77.9 45.4
.79.8 44,7
89.1 42,7
81,2 . 39,3
2.2 238.4
“d4.3 T0L0
ug.3 32,9
87.5  LaH
Qo B7.8
4.8 ¥.8
ALPHA

FPS nEG
146.9 78.%
142,8 78.9
185.3 7¢.9
181.3. 77.2
151.7 76,1
151.,7  7H.,%
159.2 70.5
147,9 V4.2
“143.1 64,3
143.1 87,4
144.3 43.8
ALPHA

FPS DEG
86g.7 41,6
54.7 1.8
68.4 . 3Y.7
73.6 6.9
72.6 59,3
74,10 UA7
3.6 27.8
73.6 2,9
201 Viod
Lt At
3.5 z.9
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Blade and Vane Element Performance for Rotor B/Stator B, Four-

Stage Configuration, Third Stage Tested, Increased Rotor Tip
Clearance, Open Throttle.

ROTOR BLADE ELEMENT

PERFORMANCE

IMMER VHIEL
" SPiEcy
MRS S

65.2 2i4.82

33,8 L4220
33,3 207.84
32,3 L

) + s

TORQUE = 434,77

g,
1.8 85.1 213.79
2.8 65.9 213.33
3.9 64.9 213.00
4.0 64.0 212,74
5.0 54.7 212.41
7.9 64.5 111.77
9.0 4.3 11.J.81
5.4
8.9
39.90

REL. L
TURNING
ANGLE

DEG

Sl el et ol oad
WG NWOG WL
WG & 0= NG

IN.-LB.

*
0SS

COEF .,

3 #.122
7.139
7,169
4,294
g.222
3.249

. g.268
7.222
4,118
g.824
J.939

*Loss Coefficients Computed from

STATOR VANE ELEMENT

PERFORMANCE

IMMER

WHEEL

% SPLiD

MPS ¢S
ag. 5%.,2 2it.g2
1.8 33.1 233,70
2.8 65. 13,33
3.4 64,9 113,498
4.0 34,8 1i2074
5.0 64.7 .04
P SR SU: PR W)
18,9 64.3 .1.0.31
18,0 3.3 .02
26.9 33.3 LG8
30.9 3..3 i.32

ABS.
TURNING
ANGLE
DEG

2¢.9
36,1
31.6
32.6
32.¢
32,9
31.3
29.38
26,8
240
23.7

ABS.
MACH
NO.

7,199
Jg.114.
#.118
o, 122
goun
J.127
L]
Joi3l
Jo1ly
J.o10e
Joldd

Loss
PARA.

REL.

MACH
NO.
In

@.148

LOIFF.
FACT.

g.1886
g.,113.4.144
g.148 g.144
g.182:9.148
B.209 9,143
@.227 U.149
g.24¢9 3,181

3.541
4,567
J.598
7.61%5
.62
4.628
J.6823

g.287 9,153 3,579
0.193 g.158 J. 4868
g.422 ¥.161 4.384

g.528 ¥.167 ¥.361%

Fixed Rake Data

ABS. INCID. DEV.
MACH ANGLE ANGLE
NO. DEG DEXQ

ouT

J.0663 =4.% 24.3
5.5067 1.6 199
g.u78 2.4 4.3
g.073 2.y 17006
g.97% 3.4 6.7
$.577 1.3 15.1
F.979 - .5 15,1t
F.J62 ~J03 1803
g.UEE =40 13,08
J.H87 =n.2 0 1ML
9,483 -=Y.? 7.3

REL. INCID,
MACH ANGLE
NO. DES

. QUT

g.993 =2.6.
g.937° =3.%
J.984 ~4.9
. 0.983 =8.1.
#,934 =7.8

g.,938 =~7.8
7.987 =8.0
J.Fy =9, 2
J. 11y =90y
.22
$.,129 11,2

F.J765 J.
0927 .
A.00388 .

1159 . 1130 .

J.12¢68 1.
01399 0.
S 1Bay L.
Jorisg .
JoA159

I3 SO AS D AN I

VIRV R S Iy 40}

NEV.,
AJGLE
DEG
24.5
22,5
211
13.3
1.4
7
9.3
.4
06
5.0
3.4
DIFF
FACT.
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e Table 30, Blade and Vane Element Performance for Rotor B/Stator B, Four-.
| Stage Configuration, Third Stage Tested, Increased Rotor Tip
: Clearance, Design Point Throttle.
y
ROTOR BLADZ ELIyENT PERFORMANCE

*
REL . LOSS LOSS " REL. DIFF., REL. INCID. DEV.

IMMER LR
5P TURNING . COEF. PARA. MACH FACT. MACH ANGLE ANGLE

(%) SPEd

ANGLE NO. .- NO. £G DIG
DEG IN ouT

g. 2.1 4.168 ©.143 Z.145 ¥.65)1 9,879 =4.4 2.2

1.9 1.6 %¥.199 ©.169 #.143 9,685 5,475 -1.2 27.9

2.0 3.1 3.232 ©.260 9.143 ©.74% 9,473 -2.2 25.3

3.9 5.1 1.259 £.227 9.144 5,718 . 4.,972 -3.2 22.2

4.9 7.4 ¢.283 @.251 J.145 #.727 9.872° -4.1 1.4

5.4 9.1 ¥.207 @.266 9.146 7.728 5.873 -4.8 15,5

7.9 11.8 $.331 @.381 J.181 9.727 7.876. -8.9 172,95

1.9 14.9 7.328 ©.296 ¢.156 §.692 J.983 -7.4 a3
16.98 16.5 y.298 ©.261 S.161 ¥.625 9.994 -3.3 5.3
29.9 16.9 5.156 O.156 9.165% 7,511 #.111 . -6.9 Ao
35.9 16.2 5.925 @.024 ¢.164 F.39% .123 -9.9 3.3

TORQUE = 4.:37.33 IN.-LB.

%Loss Coefficient Computed from Fixed Rake Data

STATOR VANE ELINENT PERFORMANCE

166

IMMER  WHILL A3S. ABS. ABS. INCID., DEV, LOSS LOSS  DIFF.
A $PEIY TURNING  MACH MACH ANGLE ANGLE COEF. PaRA. FACT.
MRS FPS ANGLE NO.  NO. DEG"~  DEG
DEG IN ouT ,
g. 64.4 211.15 34.8 ¢.114 9.959 5.5 19,3 £.1928 2,18673 .
1.6 64.3 205,84 36.2 G117 0.955 7.7 19.8 O.1844 4,178 L
2.0 G4.2 214.53 38, $.121 9.959. 7.3 17.9 @.1766 J.1710
3.8 54.1 214,21 38.3 T123 g.962 . 7.6 17.1 @.1793 05,1867 0,
4.0 B4.8 200035 33,8 J 126 0.065 7.3 18.4  H.1847 g8 0
5.9 53.9 Liu.5i 38.4. To127 9.967 8.7 1%.0  S.1802 G000 0 07
7.9 52,7 Li5.9% 36.9 U129 F.971 5.7 18,0 Z.1523 14 60 D
19.8 53,4 .07.92 34.3 Jo13d #.073 3.3 15,7 H.1855 gL
18,9 G2.9- L7i.41 32.2 G139 0.976 1.8 13.1 F.1447 S840
20.8 62.4 L01.03 27.8 F27 .078  =3.8 11,4 FL1235 41230 6T
3.9 61.% Li1.63 25.2 U122 G.usd =7.4  U.d  Q.U7E3 5.U7H0 5L




Table 31. Blade and Vane Element Performance for Rotor B/Statur B, Four-
P Stage Configuration, Third Stage Tested, Increased Rotor Tip
: Clearance, Peak Pressure Rise/Near Stall Throttle.

' | ROTOR BLADE ELEIIENT PERFORMANCE

+
LOSS.

IMMER WHIEL REL. LSS  REL. DIFF., REL. INCID, DIV,
“ SPLEZD. TURNING COEF. PARA., MACH FACT. MACH ANGLE ~0GLE

PSS  FPS ANGLE NOQ. NO. DEG DEC

TORQUE

= 4208.91

DEG

—
=
.

1

IN

*Loss Coefficient Computed from Fixed Rake Data

STATOR VANE EwLzilgNT

PERFORMACE

IMMER WHIEL A3S, ABS. ABS., IMNCID. DEV. LG3Ss LOSS DIF®.

“ SPIiD TURNING . MACH MACH ANGLE ANGLE COEF. PARA. TACT.
MPs 798 ANGLE NOQ. HO. DEG DEG
DzG IN ouT

g. 33.2 14,92 36.9 ¥.127 8,583 9.1 249.8. £.3422 J.,292F S.8305
1.9 85.1 013,75 38.4 129 ¥,.056 10,8 2¢.4 F.2826 4.273% L3110
2.9 s8%.4 113.3% 33.3 F0134.0.09%9 1.5 2903 #0645 00086 LT
3.9 43,9 03039 4.3 0130 8,061 1.7 0.2 FLLATY SR T 7
4.8 54,8 112.7% 4U.8 J0132 Jo063 WS Y700 F023452 0 0240 L0070
5.8 34,7 12,41 45,3 JoA32 D064 UL 170D W NA39 LD L 7nTe !
7.4 64.5 11,77 34.8 [V S FY R I <X 2.8 V7.0 JLERI8 H0T6 o7 ed

1.8 54,3 liJ.8Y 38.4 JO1E8 §.068 9, 16,9 JLL390 LrseT 7008

(5.9 33,93 .:0.20 38,3 JO1EY a7y I S : S5 B A 1 050 SN PINE 67 AN LN

29.4 53,3 LiT.6.4 3l1.¢ F012Y 0973 Vo 13,3 T IS L ST g

cJo 2O BN "v039 0 25,9 HO128 S.477 =404 1100 JL8T78 Janid. LB

ouT

. 65.2 214.92 3.4 5.282 @.223 9,147 ¥.391 0.9686 7.3

1.8 65.1 213.79 3.5 $,272 3,233 £.145 ¥,814 §.963 g.1

2.8 G5.9 2:13.83 5.3 J.286 2,247 73,145 #.816 9,963 ~4.5

3.8 §4.9. 213,93 6.4 J.312 Q.272 9.147 #4.821 &.9654 -1.2

‘4,9 64.8 212,74 7.8 f.345 @.394 9,168 5.826 g.985 =-2.2. 9
5.0 64.7 211,41 3.8 F.347 3,368 3,151 H.814 J.966 -2.0 Z)
7.8 64.85 281,77 9.8 $.34% £.349 #,182 5,785 J.47H .-3.6 7.9
1.8 64.3 I:19.81 11.3 F.334 £2.382 9.155 5.747 J.075 =-4.3 1.8
15.6 63.8 19,24 15.6 4.393 ©9.280 #,158 £5.68J J.986. -=5.4. .1
20.84 63.3 Za7.64 13,9 5,216 9,292 4,164 5,582 .9.1490 -6.8 .6
3.9 . 52.3 254,39 17.3 Y.588  F.964 #0164 5,481 00118 -7.8 .7
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, Table 34, Vector Diagram Parameters for Rotor B/Stator B Four-Stage
Configuration, Third Stage Tested, Increased Rotor Tip
{ Clearance and Casing Treatment, Open Throttle.

)‘.
. BLADE. ELEMENT UATA  ROTOR INGET
S IMMER W WU BETA cz cu ¢ ALPHA
\ W Mps FPS  MPS . FPS  DEG T MPS FPS  MPS FPS_ MPS FPS  DEG
: g 5.2 154.6 47.1 184.4 69,5 17.4 57,2 17.8 68,0 24,9 81,8 45,8
1.g 54.9 167.1 47.4 154.2 67,1 19,6 G4.4 17,8 58.4 26.5. 86.9 42,1
2'% 51.1 167.7 46.6 152.9 65.6 21.4 68,8 18.1 89,4 27.7 199.9 AT
‘ 39 B82.9 174.7 46.9 153,98 54.2°22.5 78,9 17.7 83,4 23.6 94.4 38,1
: 4.9 52.3 173.4 47.2 155.0 . 63,2 23,7 77,7 17,3 56,7 29.3 98.2 56,9
5 g 53.5 173.5 47.5 156.4 62.6 24.% .9¢.3 16.9 88.3 2.7 97.6 . 54.5
2'9 84.3 179.9 40.6 159.3. 62,1 25,5 83,6 16,7 Bl.4 29.9 ud.] 31.8
10 @ B6.3 14,6 49.7 163.1 61.9 26.3 06.4 14.2 46,6 29.9 93,2 PRTIRE
15 9 87.7 1 5.2 5.9 167.4 61,8 27,1 88,9 12,5 dl.1 28,9 98.4 w7
23.8 53.8 12,8 51,4 160.7 34,9 28.4 93.3 11.5. 37.8 3.7.7 1.03.6 204
30,0 50.6 120.5 1.1 17,7 58.9.30.7 140.6 1¢.9 33.7 32.5 145.7 1u.8

BLADE ELEMINT DATA ROTOR OUTLET / STATOR INLET

IMMER . %) Wy 3ETA cZ cu c ALPHA
“ Ups FES MPS FPS  DEG MPS FPS MPS FPS ~ MPS . FPS DEG
g. 27.9 #1.,7 27.8 9.2 79.8 5.4 16.4 37.4 122,7°37.7 -123.8 82.2
1.0 25.2 38.9 25.6 84.8 77.4. 8.6 18.5 39.2 123.6 39.6 129.9 1.6
2.0 25.1 82.4 24.1 79.1 73.6 7.4 23.0 49,6 133.1 41.2 133.1 49.4
3.8 24.85 4.3 £3.9 75.3 .68.5 8.9 27.9 41.6 136.6 42,5 139,4- V8.2
4.8 24,3 79.9 22.1 72, 65,2 19.2 33.3 42.4 1391 43.6 1a43.0 vo.d
5.4 24.4 3.9 21,5 74,8 61.7 11.5 37.8 42.3 144,38 44.4 145.8 4.0
2.9 23.7 24.3 22,5 73.7 Sl.217.9 658.8 41.0 137.0 453.5 143.1 66.0
1.9 34.0 111.,3 25.9 81,9 48.6 24,3 79.8 9.4 127.8 45,9 184.7 67,9
15.9 47.1 121.4.20,1 92.1 44,4 28,6 93.7 3%.+ 115..7 45.5 .129,2 04,9 ]

20.0 42.7 1:!3.4 39,7 100.7 44,5 31.1 162.1.32.3 195.8 44.0 147.1 45,9
3.0 44,9 147,23 31,9 1£4.3 45,3 3.7 164,9 30,2 99,4 43.8 143.6 3.8

BLADE ELIMENT DATA 3TATOR OUTLET

IMMER - W wu BETA CZ cu. c ALDPHA
] MPS TS MPS  FPS DEG MPS FPS MPS. FP3 MPS  FPS UEa
g. 52.7 172.3 43,1 181.2 68.7 19.9 ©62.3 15.3 B51.7 24.7 31.8 39,0
1.0 52.4 171.9 48,4 158.6 67.2 23,2 66.2 18.4 81.7 26.4 ©5.4 2T,
2.0 52.2 171.2 47.7 156.5 65.9 21.2 6G9.4 17.9 85,8 27.1 u9.1 .7
3.9 52.06 172.6 . 47.6 156.2 064.7 22, 73.3 17,/ =55.7 248.1 2.1 .
4.9 82.9 173.5 a7.5 158.8 63.7 23.2 76.3 17.9 53.8 28.8 24,5 oA
5.9 52.8 173.2 17.1 154,7 63,1 23.8 78.4 17.3 BO.6 29,4 26.4 .
2.9 53,2 °177.9 a3.4 197.4 82,4 25,3 82,9 16,2 83.3 3.9 13,0 LG
16.9 68.7 1.u.g 3.9 1s3.3 6GL.5 26,9 8u.2 4.0 Wi 3.3 d9.4 5
15.9 §7.2 1:7.8 94,2 184.7 61.2 27.3 89,7 13.2 43.4 3700 udY [N
- 20,0 53.3 1:l.4 35.9 1672.2 94,7 2.4 93,2 12,0 3v. 3003 10102 LU

3.0 %9.9 173,56 3.9 166.9 $9.4 29,9 99,1 11.! 33.4 31.9 1lid.7 i3
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Table 35, Vector Diagram Parameter
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| Configuration,
y Clearance and C
!
3
: BLADE ELEMENT DATA ROTOR INLET
SO
IMMER W WU BETA
N % WPS 78S MPS FPS  DEG
b g, 61,6.130.2°49,2 161.8 72,5
- 1.8 52,3 171.,7 49,6 182.6. 71,1
\ 2.0.52,9 173.7 49,8 163.5 79.4
3.9 83,5 173.6 59,1 164.3 9,1
4,0 54,3 174.2 5¢,5 16%,8 60,3
5.0 54,5 173.8 87,5 15,8 67,8
| 7.8 85,3 103.2 51,4 168.6 6.0
’ 12,4 56.9 136,7 32,1 171.8° 66,1
18,4 67.9 1.0, 52,8 173.3 65.6
20.6.88.7 122.7 3.2 174.5 64,7
32.4 59.2 1v4.1. 52,5 172.3 62,4

IMMER v

% MRS 7ps
g, 21.83 7..%
1.5 21,1 4.4
2.8 29.9 33.5
3.9 21.9 #3.9
4.9 21.3 4,4
$. 22,1 72,6
7.8 25.2 5.6

19.8 37.8 1.07.4
15,9 36.1 1145.4
2.9 44,9 °131,1
30,0 42.4.124.9

IMMER Vo

%X MPS Fpse
4. 54,8 177.2
1.8 84,1 177.4
2.0 54.3 178.2
3.8 84,6 1749.,2
4.9 54.8 175.6
5.7 54,9 117.1
7.9.55,6 122,58
19.9 56.5 1.8
i5.9 7.2 1:3,7
20.8 53.5% 131-.9
3.0 5.7 145,68
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BLADS ELZMENT 0ATA

wu

FPS

69.3
66.8
64.9
683.6
82.7
¥B2,8

. 65.6

74,2
84.49
u3.3

37.6. 124.3

BLADE ELEMENT DATA.

MPS
51,7
51.5
81.5
31,6
1.5
31.5
31,9
32.4
33.2
33.4
36.8

WU

FPS
169.8
169.1

-169.1

169.3
169.4

1
1
1
1
1
t

E- 3 SIS o o o

I A B 1Y
3 O & @

ROTOR. QUTLET

BETA
DEG
75.6
74.8
79.8
67.1
63.7
59,7
52.5
47.8
45,1
44,4
46.1

BETA
DEG
73.1
72.2
71.3
79.8
9.0
69.5
BG.46
B7.5%
66,7
38,4
33.4

STATOR OUTLET

cZ cuU
MPS FPS  MPS FPS
15,3 5.3 16.4 53,8
16.8 G55, 186.9 B2.
17.9 58.8 15.5 §1.3.
10,9 62,9 15.3 B4,
19,9 68,2 14.7 48,3
20,4 67.9 14.6 48,4
21,8 71.5 13.6 44,5
22,9 75,4 12.5 41,2
23.8 78.4°11.3 37.2
24.9 81,8 19.5 34.4
27.2 89.4 14.2 33.4
/ STATOR INLET
cz cu
MPS FPS  MPS " EPS
5.3 17.5 44.5 146.1
5.7 18,3 45.2 143.3
6.3 22.3 45.7 149.9
8.1 26.6 45.4 154.8
9.3 3Y.7 46.1 131..
11,1 36.4 dé.d 151,
15,3 84,2 45.5 147.5
24.6 67.5 42.5 137.9
25.4 83,4 39.6. 126.6
29.4 96.3 35.2 115.5
29.3 96.1.32.1 145.3
cz cu
MPS FPS  MPS Fps
15.5 S51.7 13.3 43.6
16.3 53.6 14.5 45,4
17,2 65.4 13.9 45,3
18,0~ 58,9 13.8 45,1
18.5 60.9 13.7 45.1
18,1 62.5 13.7 44.9
29,2 66.2 13.1 43.:5
21.5 7006 12.3 4.4.9
22.7 74.6 11.:9 35.1
23,9 73.2.14.3 33.7
26,2 86.1 9.y 22.3

c

MPS
22.4
3.2
23.8
24,3
24.7
25,1
25.7
26.1
26.3
274
ag.1

MPS
44.8
456.5
46.2
45.7
47.1
47.3
47.5
439.8
46,2
45.9
43.8

e e e e
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8 for Rotor B/Stator B Four-Stage
Third Stage Tested, Increased Rotor Tip

asing Treatment, Design Point Throttle,

FPS

73.6
76,4
78.4
79,7
ul'z
32.4
34,2
84,5
85,4
38,7
U9, 4

FPs
1471
143.8

181,85

153.2
15.4.5
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ALPHA
OEG
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: Table. 36. Veetor Diagram Parameters for Rotor B/Stator B Four-Stage
Configuration, Third Stage Tested, Increased Rotor Tip

i; Clearance and.Casing Treatment, Peak Pregsure Rise/Near
Stall Throttle,

' BLADE .ELEMENT DATA ROTOR INLEY
b IMMER W Wy BETA ¢z - cu c
% MPS PSS MPS FPS  DEG MPS FPS  MPS . FPS  MPS FPS
o, 52.3 171.7.49.9 163.8 72,4 18,7 B51.4 16,4 63,9 .22.7 74.4
1.4 53.2 174.4 50.3 165,1 71,8 17,1 56.2 15,9 62.3 23.4 74.8
2.0 54.3 178.,2 51,9 167.4 69,7 18,7 61.2 15,1 . 4y,7 24.8 78.8
‘ 3.4 54.8 179,7 51.2 167.9 68,9 19,8 .64.1 14,9 48.9 24,6 6¥.6
: 4.0 55.4 131,08 31,6 169.8 68.2 268.4 67.J 14,4 47,4 25.0 42,1
§.4 55.9 13,3 31,7 169.7 67.8 21,1 69,2 14,1 46.4 265.4 83,3 j
7.8 56,9 155.8 32,4 171.,9 66.8 22,3 73.1 13.3 44,5 25.9 53,1 '
19,8 57.8 19,7 $2.9 173.7 66.1 23.2 76,2 12.4 40,8 23.4  38.8
18,2 59.7 192,686 33.5 17,6 65.6 24,1 . 79.% 11,3 37.2 26.6 87,3
20,4 59.1 132,40 53.06 175.7 64.7 25.1 82,3 1y.0 35,8 27.3 39.7
7.0 69.6 125, 82,9 173.4 62.4 27.4 98.9 1w.5 34,5 29.4 95.4 \
BLADE ELSMENT DATA ROTOR QUTLET / .STATOR INLET ’
IMMER \ Wy BETA cz cu c ALPHA
% MPS FPS MPS. FPS  DEG ' MPS FPS  MPS. FPS  MPS FPS  REG
g, 21.0 52.89 21.9. 69.8 89.2 H.2 .7 45,3 148.7 45.3 148.7 39.5
1.4 29.2 43.3.29.2 66.3 83.9 g.3 1.0 46.4 151.1 486.5 151.1 us.4
2.2 19.5 4.4.7 19.5 63.9 87.7 @.7 2.2 46,7 153.1 46,7 183.2 08,9
3.8 13.9 42.8 18.9 61.9 6.5 1.1 3.6 47.2 154.8 47.2 134.8 &2.4 :
4.8 18.5 5./.7 13.4 &4.4 63,9 1.9 6.2 47.5 185.7 47,6 158.1 7.5
§.9 15.4 sd.% 18.1 52,5 79,6 3.3 18.7 47.7 183.6 47,9 157.4 ©§.9
7.8 19.3 42.2-18.1 59.4 720,89 6.5 21.4 47.5 153.9 48.9 157,06 Ju.4
19.8 24.6 4.7 24.2 6.2 55,9 14.8 46,1 45.2 143.2 47.3 135,2 §n.6
15.0 35.1 9.7 22.6 74.1 48.5 19,9 65.1 42,3 133.7 46,7 183.2 1.7
20.8 37.2 121.9 25.2 96.4. 44.7 26.3 86.4.33,2 125.2 46.4 132.1 6.2
3.0 45.7 123.5 29.5 95.8 35.4 28,9 91.9 33.2 111.1 43.9 1:14.2 U3
BLADE ELEMENT OAYA STATOR OQUTLET
IMMER W Wy BEITA cz cu ¢ SLPHA
% MRS v MPS FPS DEG MPS FPS MPS FPS  MPS DEG
g. 54.5 175.8 2.2 171.3 73.1 16.5 61.3 14,1 48.4 21.1 2.1
1.0 54.8 17,8 52,2 171,383 72,1 16.5 54.5 14,0 4u.! 21.8 Vi
2.8 55.1 17:0,7 82.2 171.3 71,3 17,5 57.3 13,9 45,7 22.4
3.0 85.3 121.5 %2,2 171.3 77.6 18,2 59,7 13.17 4%.4 22,9
4.8 85.% 1.2.4 32.2 171.2 79.9 18,6 6l.9 13,9 43,2 22.3
5.2 85.6 117.8 2.2 171,10 69,3 19,4 62,35 13,7 44,9 22.7
7.8 56.4 1.5.0 32,5 172.4 64,5 24,3 ©7.1 13,1 43.1 24.3
16,9 7.3 1.5.4 53.0 173.9  67.5 21,0 V1.4 12,1 4S5 25,4
15.0 53.5 14,4 33.4 175.1  56.7°22.0 74.8 11,5 37.7 23,35
29.8 59.4 1°3.5 33.9 176.8 G5.8 24,1 78,9 1005 3404 25,0
3.8 59.3 11,7 33.1 174.3 62,4 26.4 86,7 14,2 33.6 23.3
|
|
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i Table 37. Blade and Vane Element Performance for Rotor B/Stator B, Four=
| Stage Configuration, Third Stage Tested, Increased Rotor Tip :
' Clearance and Casing Treatment, Open Throttle. ‘

11
) ‘
b
\ . .
ROTOR BLADE ELEMENT PERFORMAMNCE 1
’ #
' IMMER WHEEL . REL, LOSS  LOSS .- REL. DIFF.. . REL. INCID, PEV,.
(%) 5pE 50 TURNING  GOEF. PARA. MACH FACT. MACH ANGLE ANGLE |
MPS  FPS AHGLE NO. NO.,  DEad R :
DEG IN ouT
g, 64,9 92 ~18.4 . H.178 .142 U.143 3.624 H.085 ~1,2 3.5
1.8 64.9 B =16.2 4,252 @.204 §.146 H.68Y §.975 =3.6 7.3
2.8 64.7 28 =~8.4 9.296 0,240 9,146 F.712 9.872 -=3,1 U3.5
3.8 64.6 96 =5.3 9.338 £.286 4.149 J.742 4,979 ~8.8 29.3
4.8 64.5 64 =29 J.369 #.319 5,181 9,759 J.469 =7.85 3.4
5.8 64,4 32 4.9 3,399 £.343 ¥.183 J.763 £.979 3.1 2.4
7.8 54.2 63 1.9 g.351 9.321 4,157 5.695 $.482 =3.6 1.9
*g.8 63.9 . 73 16.3 9,261 £.244 Y,161 J.582 J.999 -3,8 3.2
15.8 63.4 - 3 17.4 2179 H.159 4,165 J.485 J.114 =3.9  .u
20.8 63.9 3 16.4 9,997 ©.092 5,168 L.413 5,125 =3.5 0 4. §
3¢.8 62.9 : 13.9 9.867 9.963 F.17¢.°3.391 £.128 ~11.9 3.6 :
TORQUE = 5332.82. IN.-LB..

*Loss Coefficient Computed from Fixed Rake Data

STATOR VAU{E ELEMENT PERFORMANCE

IHMMER VdTEL ABS, ABS, ABS. INCID, .DEV. L5538 LQSS DIFF.
“o. SPLdw TURNING iMACH MACH ANGLE ANGLE CCoiv. PARA. TACT.
MPsS P8 ANGLE . NO. NO. DEG. DEQ
DES IN QUT
g. 84.9 212.92 42.6 g.198 B.578 12.8 18.4- =,U412 -,4395 7,854
1.8 54.8 212.69 42.8% H,113 J.874  13.2 19,7 =.9463 =046 £.95511
2.9 04,7 2,23 41,3 J.118 @.977 12.3 19.3 F.7185 4,00187 #,5458
3.8 54,6.2:1,96 41,1 F.121.40.988 11,7 19.4 G.4389 J.0370 4.5
4.0 845 111.64 40,2 #.124 G.082 1U.7 8., H.4833 5,458 4,504
5,9 $4.4 T11.32 30,9 H.127 F.934 10,9 18,0 S.U881 1,06835 L5510
7.8 54,2 17,67 34,4 J.1385 9,486 2.3 16,0 HLSY97 07800 0D U
1.0 33.9 203,73 3.4 . S.131 F.86 0 =23,3 12,5 L0932 S.:29)0 0 uh 0
18,8 42.4 Lm3.12  2%.2 50139 4087 =7.1 12,8 7.4916 0,000 10070
28.8 33,9 2.0¢.03  £3.9 G128 F,4988  =9.6  LJ.3 H.07s0 cha74 oAyl
3.8 12,9 103,34 ¢3.2 F.12% Y.931 -9.4 8.0 W AU S0 0349 AL
i
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. Table 38, Blade and Vane Element Performance for Rotor B/Stator B, Four-
o Stage Configuration, Third Stage Tested, Increased Rotor. Tip
Clearance and Casing Treatment, Design Point Throttle.

N
p
t
\ .
ROTOR BLADE ELEHMENT PERFORMAMCE
. 4
’ IMMER WHZEL EL . .OSS LOSS . REL, DIFF. REL. INCID.,. DEV.
(%) SPEED TURNING ~ <COEF. PARA, MACH FACT. MACH ANGLE AXNGLE
MPS  Fe3 ANGLE NO. NO. DEG BEG
DEG IN ouT
a. 5.6 #13.37 =3.1 4.319 £.254 §.147 4,831 F.962 1,8 38.4
1.4 65,5 213,935 =2.9 #.,360 @.2%7 4,149 5,888 0,954 g4 2i.H
2.4 65.4 214,72 =0.8 #.396 ©.332 ¥.151 #.868 7,959 =#.7 4.7
3.8 68,3 & ; 2.1 g.422 fF.362 g.182 9.878 9.6868 =1.6 29,9
4.8 6%.3 % 4.6 #.448 4,388 7,158 #.87% F.g68 -2.4 3.0
5.8 65.2 2 3.1 H.449 £.398 4,185 J.869 F.8963. =2.9 . 19.4
7.8 65.8.% 14.4 F.439 _@9.498 17,159 0,887 14,872 -3.9 120\
19.8 64.7 21 18.5 J.384 §.3338 F.162 9.699 J.987 -4.5 7.1
15.84 64.2 " 29,05 6,282 .f.,264.8.165 2,597 g.143 0 =8,1 4,5
29.8 63.7 ¢ 24.3 F.192 4.130 g.187 J.494 g.116  =5.8 2.0
3.8 . 62.7 = . 16.3 . 3.994 ©.988 7.163 5,449 9,124 -7.8 8.7
TORQUE = IN.-LB., l
*Loss Coefficient Computed from ¥ixed Rake Data
STATOR VANE ELEMENT PERFORMANCE 1
IMMER WHIEL ABS. ABS., ABS. INCID. DEV. LOSS LO3S. DIFF.
¥ SPIiD TURNING MACH MACH ANGLE  ANGLE COEF. PARA. FACT.
HPS  FRS ANGLE NO. . NO. PEG DEG
DEG IN ouT
Jo N 55.8 215,37 41.2 F.127 9,459 13.3 2.9 §,2282 #.2299 8,770
1.8 65.5 215.9% 42.40 g.138 .61 14,1 29.4 G.,2176 &.,21d7 G770
2.9 63,4 214,72 42.0 4,131 g.963 13.9 19.35. G.2979 S.u0817 U7 508 F
3.6 5%.3 213,49 42.4 4,133 .454 13,3 13.8 G,1986 15,1930 4.7 400
4.9 $65.3 20,83 41.9 4.134 @466 12.7 18,3 1096 F.,1847 207004
5.8 65.2 123,73 44.0 , g.135. 9.967 -11.4 18.1 J.1213 H,1708 &.7404
7.9 .0%.7 3,11 38.1 #.,135% 8,060 2.7 1e.% 9,1353 3 SV Iy A 34
19.4 a4.7 Lla 3401 4,133 $4.474 2.% 14,8 H.1348 0413818 AN S
18.9 J34.2 fo 9 3.7 g.120 g.472 =1.5 12,3 g..0004 FL0e60 o4
28.8 62.7 26,3 g.134 J.3740 =3, 19,8 H.0733 000700 LI ¢ S
3.8 352.7 27.4 H.124 ¥.088 =5.4 3.3 g.0431 H.00470 008008
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Blade and Vane Element Performance for Rotor B/Stator B, Four=-

Stage Configuration, Third Stage Tested, Increased Rotor Tip
Clearance and Casing Treatment, Peak Pressure Rise/Near Stall

Throttle.

ROTOR BLADE ELHMENT PERFORMANCE

L )
IMMER WHIEL REL. LOSS . LOSS REL. DIFF,
(%) SPEED TURMING COEPF. PARA. .MACH FACT,
MPS  FPS . ANGLE . NO.
DEQ iN
g. 36,4 212,72 -16.8 $.332 0.248 U.148 ¥.85%
1.8 66.3 217.839 =17.9 2,383 ©.288 9.151 ~.882
2.8 66.,2.217,97 ~18.9 J.436 . £.331 ¥.154 7,919
3.8 66,1 218,74 -17.5 4. 468, 9.3%8 ¢.185 (.927
4.8 65,8 2168.41.-15,7 2.497 ©.387 H.157 w.942
5.0 65.9 216.89 -12.94 4,816 H.413 U.188 7.948
7.8 65,7 215,43 -3.2 J.53%  0.452 #.161 9,938
1.9 8.4 214,45 11, J.477  9.431 9,164 7,834
15.80 64.9 212,82 17.9 G.418  @.3080 J.166 w,727
28.0 S4.4 211,10 2404 J.278 0.281 g.168 .4,58:
3.8 ©63.4 2J7.92 16.9 5.136 G.128 7,169 v.491
TORQUE = $7247.89 IN.-LB.
*Loss Coefficient Computed from Fixed Rake Data
STATOR VANE ELEfIENT PERFORMANCE
TMMER WHITEL A3dS. ABS. ABS.. INCID. DLV,
“ SP.ID TURNING MACH  MACH  ANGLE  ANGLE
MPS  &¢S ANGLE NO. NO. pea © DEd
DEG N ouT
ag. 66.4 2\?2.72 47.% g.128 g.068 2.1 2.2
1.9 65,3 217,09 49.3 g.13% g.062 21.49 0.4
2.9 68,2 MT7.K7T B8.9 3,132 g.063 21,5 14,1
3.0 86.1 216,724 %1.3 - J.134 3,068 21.9 13.4
4.0 66,8 2i5.41 51,4 7,135 4,086 21.9 18,4
8.0 4%.9 14,49 BU.7 Cog.136 .67 21,1 17.7
7.9 635.7 S1%,43 49,3 J.136 g.989 18,7 16,2
19,0 65,4 114,43 43.4 o,134 0.471 11.3 14,9
18,9 64,9 012,32 S .13 g.u72 6,7 3.
2.0 3404 01019 31,8 g2 o674 =030 WV
3.0 53,4 09t 2901 o104 LI =2.6 9.1
176

0.2282 !
g.21786 !
J.2979 ¢
85,1986
Y.1898 A,
.1313 .

.

M.1308 .

o134
JO IR IV
UL U768
g.013L

Q2204 .
IS SR NS Y
RSV A SR
L1930 .
tRAG i,
AT

161,

REL. INCID. DEV.
MACH ANGLE  ANGLE
NO. DEG . oG
ouT
g.R6Y 1.7 2
5.957 .3 L9
J.A85 =1 4T
J.084  ~1.8 3
.52 =2.8%  1UL7
2,332 =3.1 R
.88 «3,9 LW.6
S.87H - =4.8 14,6
3% =51 )
$.408 0 =5.8 Lk
g.118  =7.8 7.4
.OSS LOSS DIFF.
COEF. 2aRA.  TACY.
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gSHzZ'®  ¥EBL'-  $259°8
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5212°%  S¥61°-  S6I3°E
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Table 41.

Stage Configuration, Design Point Throttle.

BLADE ELEMENT DATA ROTOR INLET

InvER W wU
. MPS FPS MPS FPS
1.0 §4.8 179.8 81,7 169,86
2.8 55.0 180,85 51.4 168.6
3.8°55.4 181,8 51,3 168.4
4.2 55.8 183,1 51,3 168,85
5.8 56.1 134.8 51.3 168,3
7.0 §7.1 187.,4 52,8 178.8
18.2.57.8 189.6 52.3 171.8
16,8 §7.9 189.9 §1,.8 178.48
28.9 7.7 139,2 50.8 166.4
38.0 56.9 186.7 49.8.163.4
68.0 85.7 182.6 48,2 188.¢
78.0 54.5 178.9 46.7 183.%
RO.J 53.7 176.2 45,6 149.8
85.0 §3.80 174.8 45.8 147.7
0.8 62.1.178.9 44.4 148.7
93.8 51.1 167.6 44.5 146.1
95.8 5.6 1656.8 44,5 145.9
96.0 53.5 155.5 44.6 146.3
97.8 53.4 1565.4 44.8 146.8
98.8 50.3 165.1 147.8

66.8

62.4
6§2.7

BLADE ELEMENT DATA ROTOR OUTLET

IMMER W WU

X MPS FPS MPS FPS
1.9 33.9 111.2 29.9. 98.2
2.2 33.9 198.2 28.4 93.3
3.8 32.6 107.4 22.3 89.6
4.0 32,4 136.3 26.4 86.8
5.8 32.5 ls6.7 25.9 84.8
7.8 33.1 108.7 25.6 84.8
1.8 34.4 112,7 25,6 83.9
15.8 3?7.9 121.5 6.7 87.6
20.8 39.1 128.4 22.9 91.8
30.0 4%.8 131.4 8.2 92.7
50.0 38.9 127.6 27.2 - 88.7
78.8 37.5 123.8 24.5 88.3
88.4 36.3 119.1 22.0 72.3
85.0 35.4 116.1 21.8 71.4
94.0°34.1 111,72 21,1 9.2
93.8 33.4 193.7 20.8 - 88.1
95,8 33.0 198.4.20.1 65.9
96.9 32.7 127.3 18.9 61.9
97.8 31.6 103.7 17.6 §7.9
98.8 29.6 97.2 15.8 5!.9

BLADE ELEMENT DATA STATOR
IMMER . W Wy
X MPS FPS MPS FPS
1.8 54.3 178.1 50,6 .166.8
2.8 54.1 177.5 43.9 163.8
3.8 S4.1 177.4 49,4 182.2
4.8 54.2 177,72 19.1 161.4
5.9 34.3 178.2 48.8 168.1
7.8 54.4 178.6 48.5 159.2
18.4 54.6 179.2 ¢8.1 182.9
15.8-55.9 193.4 49.8 168.9
29.9 56.8 136.3 49.5 162.8
3.8 67.8 187.2 49,5 162.4
£9.8 56.2 14,8 48.2 158.2
78.8 54.6 179.1 46,2 181.2
80.8 53.2 174.6 44.8 146,89
85.0 52.1 171.8 44.1 144.6
9.8 51.1 167.8-43.3 142.8
$3.8 0.6 166.0 42.7 148.1
95.8 49.4 161.9 41.5 136.2
96.8 48.7 159.7 41.5 136.1
97.8 44.9 147.5 38,8 127.3.
99.9 39.2 128.9 35.8 114.7

BETA

DEG
61.9
§9.3
§6.7
54.5
52.5
58.8
48.0

-46.8
45.4
44.7

‘43.9
48.6
37.3
37.9
38.1
38.3
37.4
36.1
33.8
32.2

NN IITIIINNNNIIT RITIN] e e
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FPS

8.2
64.4
68.3
71.7
74,3
77.6
88,7
84.8
89.8
88.3
81.2
92.4
93.4

-92.9

89.3
82.1

79.3
77.4 .

76.8
78.2

/ STATOR INLET

cz

MPS
15.9-
16.8
17.8
18.7
19.7
21.8
22.9
25.7
2%.4
28.4
27.9
28.4
28.8
27.9
26.7
26.2
26.2
26.7
26.2

25.8

OQUTLET . .

BETA
,OEG

68.6
67.1
65.9
64.7
63.8

2.9
61.5
61.1
68.6
60.8
58.8
§7.7
$7.1
57.5
57.6
57.4
§7.1
58.2
89.5
62.6

FPS
§2.8
§8.8
§8.4
61.5
64.7
68.9
75.2°
84.2
95.9
93.1
91.7?
93.2
94.6
81.8
87.7°
86.40
86.8
87.7
86.9
82.2

cz

MPS
18.6
28.9
21.9
23.8
23.8
24.6
25.8
26.8
27.7
28.4
28.9
29.9
28.8
37.9
27.2
27.2
26.7
25.5
22.7
18.8

64.4
68.4
72.8
5.3
78.2
85.8
84.7
88.9

'91.8

93.1
95.8
98.2
4.4
91.4
89.4
89.1
87.%
83.7
74.%
8.9

MPS  FPS
21.4 . 78.})
22,6 74.2

. 23,7 77,6
24,8 88,4
26,2 82,
28,7 B84.5
26.4 B86.7
27.5 98.2
28.2 95.8
29.3 96.3
29.5 96.8
29,7 97.6
30,1 98,7
28,7 97.5
29.8 95.1
26.8 87.8
25.9 86.1
25,3 83,1
24.8 81,8
24.5 80.5

c

MPS FPS
36.4 119.6
38.1 125.8
39.5 129.6
49.6 133.2
41,5 136.2
42.2 138.4
42,9 148.8
43.2 141.7
42,9 140.9
42.6.139.8
41.8 137.1
42,6 138.8
44.9 144.4.
43.3 141.9
42,7 140.1
42,4 139.1
42.8 140,3
44.8 144.3
44.6 146.3
45.3 148.7

c

MPS . FPS
23.1 75.8.
24.4. 88.)
25.6 83.9
26.6 B87.2
27.4 92.8
28.2 924
29.3 95.8
9.6 97.8
32.0 98.4
3.3 99.3
30.6 160.4
38.7 180.7
38.7 180.6
29.9 98.0
29.4 96.8
29.4 96.6
29.4 96.5
28,3 92.9
27.2 89.1
25.9 BS.0

cy
MPS FPS
11,1 36.4
11.3 37.0
11.2 .36.8
11.1 36,5
11.1 36,3
18,2 33.4
9.6 31.8
9.6 31.5
18,2 33.4
18,2 33.%
9.9 32.%
9.6 31.3
9.7 32,2
9,8 32,2
19.8 32,7
9.6 31.4
9.4 30.9
8.2 38.2
8.9 29.3
8.8 28.9
cv
MPS FPS
32.8 187.7
34,2 112.3
35.3 115.7
36.0 118.2
36.5 11%.8
36.6 128.8
36.3 119.2
34.7 113.9
33.0 108.4
31.8 104.2
31.1 182,
31.8 .184.3
33.3 189.1
33,1 108.5
33.3 109.2
33.3 109.3
33.8 110.9
34.9 114.6
36.1 118.3
37.8 123.9
(1]
MPS  FPS
12.2 39.9
12.7 41.8
13.1 43,1
13.4 44,0
13.6 44.5
13.7° 44,8
13.8 45.1
12.4 49,7
11.4 37,5
18.5 34.5
9.9 32.%
18.80 32,
1.6 34.6
13,8 35.3
11,1 36.4
11.4 37.4
12.4 40.8
12.3 40,4
14.9 48.9
18.7 61.2

c

H_——RQtooooR
VRWWORTIVNIOW

FITIPI 0 FI 13 o=t o 0 0m P

ALPHA

64.8
63.7
63.0
62.3
61.5
6.8

83.4
0.2

. 4841

49.7

53.8
6.3

ALPHA
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Table 42. Vector Diagram Parameters for Rotor B/Stator B Single-

3 Stage Configuration, Peak Efficiency Throttle.
| |
; i
' ]
» BLADE ELEMENT DATA ROTOR INLET 5
\ o }
INMER W Wy BETA ¢z cv ¢ ALPHA
MRS 7T w§ FPS_ DEG MRS FPS MRS 'FPS  MPS. EPS - ORG !
. 1.9 54.6.175.. 2.1 178.8 72,2 16,5 B4.8 18,2 33.6 13.4- 63.8 2.0 !
_ 2.0 85.8 160.5 §2.9 179.6 78.7 18.8 §9.1 18,3 33.7 28.7 6B.8 29.6 - e
& 39 §5.3 18].6 5i.8 170.1 63.4 19.3 63,3 18.3 33.8 21.8 71.7 28.8
) 4.0 85.6 182.6 51.8 169.,9 68.3 28.4 66.8 18.3 33.7 2¢. 74.8 26.7
i §.0 83.2 194.3.52.0 170.6 67.5 21.3 70.0 18.8 32.8 23.8 77.4 5.0 v
7.9 55.9 186.5 52.3 171.6 66.7 22.3 73.1 9.8 31.8 24,2 79.4 23.2 i
. 19.8 57,3 188.8 52.3 171,7 685.8 23.3. 76.5 9.2 38.8 28,1 82.2 21.4 :
15.8 §7.3 187.9 51,8 178.8 64.6 24.4 ge.8 9.2 38,2 26.1 85,5 28.6 )
: 28,8 87.1 187.2 51,3 168.3 63.8 25.9 82, 9.3 30.4 26,6 87.4 28.3 !
| 30.8 55.5.185.3 58,3 164.8 62.7 28.7 84.5 9.3 38.7 27.4 89.8 19.9
: 5.2 B5.1 188.6 48.4 168.6 61.3 26,3 86.4 8.4 38,8 28,4 91.7 13.6 "
: 8.8 .83.5 175.4 46.5 152.5 68.2 26.4 86.6.9.4 30.8 28.8 81.9 19.8 '
80,0 52.6 172.6 45.4 149.1 B89.6 26.5 86.9 8.5 31.1 28.1 92.3 19.7 - :
85.0 §2.1 171.8 45.8 147.5 59.4 26,4 86.5 9.5 31.228.8 92.8 9.8 =
90,0 51.4 158.8.44.7 146.6 68,1 25.5 83,7 9.3 30,6 27.%1 83.1 2.4
93.8 80.6 136.1 44.6 146.8 61.7 23.9 78.3 9.1 29.8 25,5 83.8: 28.8
95.0 5.2 1684.7 44,7 146,77 62.8 22.8 74.9 6.8 28.9 24,5 88.3 21.1
96.8 S3.0 154.2 45.8 147.5 63.8 22.8 72.1 8.5 27.8 23.6 77.3 Q1.8
97.0 49.9 163.7 44.9 147.4 64.8 21,7 71.2 8.4 272.6 23.3 76.4 21.1
g8.8 49.8 163.2 44.9 147.2 64,2 21.§ 78.5 8.4 27.85 23.1 7.7 2.2

SLADE ELEMENT DATA ROTOR OQUTLET / STATOR INLET

IMMER W WU BETA ¢2 cv c ALPHA
X MPS FPS MPS FPS DEG  MPS. EPS MPS FPS MPS' FPS  DEG
\'8 29.5 96.G 35.9 85.8 61.4 14.2 46.2 36.4 119.5 39.0 128.1 68.8
28 29°3 96.8 5.8 82.1 58.5 15.2 43.9 37.2 122.2 48.2 132.8 67.6
3.0 50.2 95,7 3ii3 79.7 6.2 16.2 53.3 37.9 124.2 41.2 135.1 66.7
A9 29,2 95.9 23.8 78.8 54.2 17.0 §5.9 38.3 125.6 41.9 137.5 65.8 1
8’ 23'9. 98,2 23.7 77.7- 52.2 18.3 6.8 38.3 125.6 42.4 139.2 64.3
39 30.5 100.1.23.6 77.5 68.6 19.3 .63.3 38.1 125.2 42.8 148.3 63.8
\ 108 32.4 106.2 4.3 79.8 48.6 21.4 78.1 37.2 121.9 42.9 148.6 §9.9
19°3 355 116.6 26.0 ©85.4 . 46.9 24.2 78.4 35,8 114.8 42.8 139.6 55.2
200 36,0 124.8 27.5 93.3 46,2 36.3. 86,2 33.0 198.4 42.2 138.5 51.4
30,0 39.1 138.4 27.8 -91.2 45.1 27.6 90.4 31.8 104.4 42.1 138.1 49.0
S3.0 37.7 103.6 26.1 86.7 43.8 27,2 83.1 31.6 143.8 41.7 136.7 49.2
30,8 35.9 117.8 23.7- 77.6 41.1 27.0 ©8.6 32.2 1AS5.7 42.0 138.8 49.9 4
80,0 3i.6 113.5 21.5 .78.6 38,4 27,1 88.9 33.4 189.6 43.8 141.1 858.8
Be.p 33.6 118.2 20,9 68.4 38.3 26,3 B6.3 33.6 115.3 42.7 1451 51.8
0.3 32.2 1u3.6 19.9 65.2 '38.0 25.3 83.1 34.1 111.9 42.5 139.4 53. 1
93 % 32.9 105.1 15.9 65.3 38.3 25.1 82.4 33.8.111.8 42.1 138.2 * 53.3. ;
95,9 31.7 104.8 19.2 62.8 37.9 05,3 82.9 34.4 112.8 42.7 140.2 $3.5.
96,9 37.8 101.1 17.4 57.1 34.2 26,5 83.5 36.1 118.3 44.1 144.8 54.6
33'9 20.2 95.6 15.8 51.9 32.6 24.6 88,7 37.5 123.2 44.3 147.3 86.6 .
96,9 2.5 9g.1 14.3 48,9 31.2 23.5 77.9 39.0 127.8 45.5 149.2 58.8
BLADE ELEMENT.DATA STATOR OUTLET.
IMMER W WU BETA ¢2 v €  ALPHA . {
MPS FPS MPS FPS DEG MPS FPS  MPS FPS  MPS FPS  DEG
1.8 53.6 175.7 49.9 163.9. 68.7 19.3 63.4 12.4 49.6 23.8 78.3 32.6
28 53.2 174.6 49.3 161.8 - 62,7 20.8 65.6 12.9 42.4 23.8 78.1 32.8
3.8 53.4.175.2 49.2 161.3 66.8 25.8 68.413.0 42.6 24.6 88.6 31.8
1.8 53.3 174.8 48.8 160.1 66.1 21.5 78.4 13.3 43.3 25.2 82.8 31.6 :
$8 53,4 175.1 45.6 159.4 65.4 22.1 72,4 13.4 43.9 25.8 - 84.7 31.1 1
7.9 53.5 175.5 48.4 158.9 64,7 22.7 74.5 13.3 43.8 26.3 86.4 30.4
18,8 54.8 177.2 48.5 139.9 63.6 23.8 78.2 13.% 42.7 27.2 B9.1 28.6 i
15.9 65.4 181.9 49.4 162.2 62,9 25.1 82.3 11.6 38.0 27.6 90.6 24.7 ) :
20.9 56.3 184.6 49.9 163.9 62.4 25,9 B84.9 18.8 34.8 8.8 91.8 20.2 i
39.8 56.8 186.2 53.1 154.4 61.8 26.6 87.4 9.8 31.2 28.3 92.8 19.6
50.9 55.4 181.7 48.3 158.4 64.5 37.2 89.1 9.5 31.1 28.9. 94.3 19.C - ;
0.5 $3.4 175.1 46.7 158.9 9.3 27.1 88.8 9.9 32.4 28.8 94.5 20.00. :
80 8 52.2 171.2 45.9 147.5 59.3 26.5 85.9 18.0 32.7 28.3 92.% 20.6
5.8 51.3 168.3 44.5 146.9 60.9 25.5 83.7 18.8 3.7 °27.4 89.9 21.3
90.9 50.3 165.8 43.6 143.8 59.9 25.1 82.3 18.4 34.2 37.1. 89,1 22.8
33.0 49.6 162.6 42.7 148.1 59.3 25,2 82.8 11.0 36.2 27.5 9.1 23.6
95.8 48.9 150.6 42.2 138.3 59.3 24.9 81.6 11.4 37.3 27.3 £9.7 24,5
95.8 48.4 158.9 42.9 1377 59.9 24,2 79.3 11.5 37.8 3.8 B7.8 25.3
“ 93'9 45.2 143.3 39.7 130.2 61.2 21.6 78.9 13.7 44.8 35.6 83.9 32.°0
98.9 4L.5 132.7 36.4 119.4 63.9 17,7 87:9 16,9 55.3 244 gi.1 43.6
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. Table 44, Blade and Vane Element Performance for Rotor B/Stator B, Single-
Stage Configuration, Design Point Throttle.

X ROTOR BLADE ELEMENT PERFORMANCE

#*.
; IMMER WHEEL REL. LOSS LOSS REL. DIFF. REL. INCID. DEV.
- (%) SPEED TURNING COEF., PARA., MACH FACT, MACH ANGLE ANGLE
\ MPS FPS ANGLE NO. NO. DEG DEG
: DEG , IN ouT
1.0 62,8 295.88 8.4 g.106 @.093 #.188 9.566 0,098 -9.4 21.9
1 2.4 62,7 295,87 9.6 #.144 _9.128 #,159 2,593 #.498 -1.8 19.2
: 3.4 62.6 295.26 11.9 #.,175 @.157 §.160 0.612 #.894 =-3.94 16.6
4.8 32,5 294,95 12,2 0.198 £.179 #.161 0,625 #.994 =-3.9 14.3
5.0 62.4 294,64 13,8 §.219 #.192 4.162 8,629 #.094 =-4.7 12.3 ;
7.9 32,2 294.83 14,9 %.230 @.212 @.165 #.632 9.996 =5.3 14.1. 1
1.9 51.9 293,17 16.6 9.228 ©.211 §.167 #.617 3.099 -6.1. 7.5
15.8 61.4 201,85 "17.4 2.171. @.168 #.167 @.587 #.197 -7.2 5.5
20.8 &1.8 209,29 16.1 0.194 ©.998 @.167 9.599 #.,113 =-9.6 5.4 .
39.9 69.7 136.91 16.2 g.951 ©.948 §.164 9.464 9,116 -9.4 5.3
59.8 8.1 199,73 185.9 %.418 .£.917 8.161 £.465 g.112 -8.5 7.3 ]
79.8 £5.2 184,54 18.1 9.932 £.£31 #.157 #.482 #.143 =-8.56 7.4
80,4 55.3.181.45 29.6 g.98¢ ©.477 #.155 J.543 .4.195 -9.8 5.7 4
85.0 354.8 179.97 24.9 0.089. @.977 £.153 £.511 7,182 -9.6 7.1
9.8 $4.4.178.35 2§.2 g.877 ©.874 9,189 §.526 7,998 -9.5 8.1
93.9 54.1 177.43 22.2 g.955 ©.953 §.147 £.531 9.997 -7.5 8.8 ;
95.4 33.9 176.81 23.9 0.045 ©.943 g.146 ©.539 §.995 -6.9 8.2 X
96.9 33.8 176.57 26.8 G.049 £.948 9.146 £.555 9,994 -6.3. 6.1 ,
97.9 53.7 176,19 28.6 9.681 £.879 ©.146 £.387 §.491 -5.9 5.4 .
98.4 353.5 175.83 34.5 9.133 ©.13%7 9.145 0.640 9.986 -5.7 3.5 5
f,
TORQUE .= . 2232.21 IN.-LB. i
*Loss Coefficients Computed from Fixed Rake Data i
STATOR VANE ELEMENT PERFORMANCE 3
IMMER WHEEL ABS. ABS. ABS. INCID. DEV. LOSS LOSS  DIFF. :
% SPEED TURNING MACH MACH ANGLE ANGLE COEF. PARA. FACT.
MPS FPS ANGLE NO.  NO. DEG DEG ;
DEG . IN ouT
1.9 52.8 295.88 32.4 g.195 8.067 =~4.4 11.6 0£.9409 7.0392 £.5689 . i
2.9 52.7 235,57 32.4 g.118 9.871 =3.7 12.9 £.85544 9.9834 #.5505. ,
3.4 52.6 203,28 32.2° g.114 9.974 =3.5 12.1 @.9638 £.0627 #.5526 . ‘
4.9 82.5 294,95 32.2 g.117 #.477 =3.3 12.1 £.9692 0.968% £.5447 ;
5.3 62.4 244,64 31.9 9.128 9.979 =3.3 . 12,1 #.9715 5.9743 7.5366 ;
7.9 32.2.244.43 31.9° g.122 #.981.. -3.3 12.3 5.971¢ 0.9699 0.5285 ]
19.9° 51.9.293.13 29.8 4.124 9.084 =3.6 13.7 .9.963¢ 9.9624 0.5462° !
15.9 81.4 281,55 28.7 - §.125 9.0985 =-4.6 11.2 £.96387 §.0670 #.5432 :
29.9 31.9 299.98 27.8 7.124 0.987 =-5.3 9.3 J.4521 4.0516 #.4848
3g.8 34.9 196,91 27.8 ¢.123 8.937 =-4.8 . 8.6 §.9497 U,9493 4.4675 .
9.9 3.1 194,73 29.1 . g.121 2.488 =-4.1 7.3 G.9464 0.9457 9.4453 .
79.9 36.2 134,54 29.1 ¢.123 9.089 -5.7 6.3 J.7449 0,.0446 F.4831
3y.9 35.3 131.45 28.9 g.127 9.988 =7.4 6.3 J.9419 0.9416 0.47C4
33.4 4.8 179.99 28.6 g.125 ¢.986 =7.8 6.3 G.U417 J.0414 F.482d
9J.9. 34.4.175.33 29.0 G.123 G.0935 =8.5 6.3 0.7421 §.0418 9.4346
93, 4§4.1 177.42 29.9 g.122 §.985 =-9.4 .5.3 9.7359 4.0358 4.476Y
85.9 33.9 1/3.81 27.2 §.123 9.985 =19.1. 6.9 J.J682 0.,4378 Y.4779
93,7 3.3 (73.5J 2¢.7 4.127 3.082 =10.4 . 7.1 @§.1849 54,1632 &.5357
97,4 33,7 1TI.1Y 2.6 J.129 5.J73  =9.7 713,90 .2593.J,0064 F.8450Y
93.9 2.5 :78.85 14.3 G.131 4.978 =7.9 25.3 Y.2604 4.2567 4.5374
182 1




, ‘ Table 45,

Blade and Vane Element Performance for Rotor B/Stator B, Single-

ORIGINAL PAGE i§
OF POOR QUALITY

Stage Configuration, Peak Efficiency Throttle.

ROTOR BLADE ELEMENT

PERFORMANCE
N
? . IMMER  WHIEL  REL,  LOSS"
\ (%) SPEED  TURNING  COEF.
MPS FPS  ANGLE
DEG
. 1.0 62.3 204,51 10.8 9.165
| 2.4 62.2 294.21 12.2 7.186
' 3.9 62.1 293.89 13.2 3.292
4,9 52,1 243.%9 .14.1 g.214
5.9 52,9 293.28 1F ° g.219
7.9 61,8.292.67 16.° 4,239
19.9 51.%5 291,78 17.2 g.299
15.9 /1.9 288.21 17.7 g.146
2.8 59.6 198.83 17.8 2.894
3¢.9 59.6 195.64 17.6 2.242
8.8 57.7 13%.48 17.5 g.919
79.8 5%5.9 183.31 19,2 7834
39.8 54.9 lug.24 21.2 g.948
85.2 54.5 178,71 21.1 g.962
9¢g.9 54.9 177.17 22.1. g.878
93.9 53,7 176.25 23.4 7.845
95,9 63.5 175.63 25.7 g.934
96.9 53.4 175.33 29.5. g.948
97.9 53.3 175.42  31.4 3.985
98.7 53.3 174.71 33.8 #.125
TORQUE = 2:92.,59 IN.-LB.

*Loss Coefficients Computed from

STATOR VANE ELEMENT PERFORMANCE

IMMER
%

¢ o o

@ N U W N
SRR IO WM~
pannanataasE

WHEEL

SP
MpPs

62.3
62.2
62.1
62.1
62.8
6l1.8
61.5"
61.9
6.8
53.6
57.7
55.9
54.9
54.5
S4.9
53.7
83.5

g 83.4.

53.3

3.3

EED
FPS

204,51
204.21
203.98
293.59
203.28
282.67
201.75
200,21
198,68
195,64
139,46
183.31
139,24
178.71
177,17

176.28

175.63
175,33

175.92

174.71

ABS.
TURNING

ANGLE

DEG
36.2
34.8
34.9
34.2
33.2
32.86
31.3
39.4
29.1
29,4
39.9
29.9
39.2

N
D
NN

N DN PY I s s

s b b e Pt b e
~n
(RPN AR e R RV )

g .24

WM NN

R L
OO NW

%
LOSS
PARA.

snanasaanar
QQu»—-NN-—-'--.An—-
& WO = I[QWO DO
RO E RSO0

[~
L~
0

g.984

. @.046

2.960
3.068
g.044

9,933
7.046
2.083
g.122

REL., DIFF,
MACH FACT.
NO.
IN

9,158 £.683
9.159 .695
9.168 4.743
g.161 .787
5.163 0.699
%.165 7.695
g.166 0,658
7.166 #.584
9.165 g.521
g.164 £.484
2.159 9,489
2,155 ©.546
§.152 9.528
£.151 9.543
7.149 9.568
g.147 @.563
2.145 £.572.
9.145 2.603
B.144 §.646
2.144 9.692

Fixed Rake Data

ABS.
MACH
NO.
ouT
g.956

9.069 .
9.9871

9.973
8.0675
9.976
8.879
7.9089
9.961
9.482

.2.833

9.983
9.682
g.87¢8

. B.379

g.4979
3.979
J.977.
g.974
§:971

INCID. DEV.

ANGLE ANGLE

DEG DEG
5.4 12.8
7.2 13.4
7.2 13.1
g.2. 13,5

-J.5 13.6

-7.3 14.9

-1.3 13.86

-2.3 11.2
-4.1 9.7
-3.9 7.9
-2.4 . 7.7

-3.9 7.3
-5.1 7.3
-507 7.:’1
-6.3 8.9
-7.8 6.7
-3.7 6.6
-3.2 6.7
-~6.9 12.9
-5.,5 23.4

REL. INCID. D

MACH ANGLE

NO.
ouT
Z.488
g.488
g.484
4.0985
g.4987
g.4988
g.994
g.143
g.118
g.113
2.19%
2.194
B.188
2.897
8.993
g.493
g.7392
g.489
§.988
g.988

LOSS
COEF.

9.1249
.8.1338
.9.1373

2.1378°

3,1339
2.1252
g.0994
g.49729
B.5A38
J.9395
3.94499
F.5477
4.,7479
3.3%97
#.7641
540136
g.7338
J.1688
9.0273
2.2743

DEG

LOSS
PARA. .

g.1223
55,1347
7.1345
$.1343
#.139%
#$.123¢9
£,11974
£.14721
J.IA26
£.,4392
0.4806
1,57473
02475
9.:2892
0,636
$.048)
M. a8

g.1674.

J.7224
HoLHB7

P O el

NWORINOONOANNUIGIo R~

EV.

ANGLE

o
m
[ 2]

& O 00
QUOOVNNOL—~WORREW

e« o & ® & & 8 ®» & o &

CINN 0O~

FACT.

#.6320
7.6242
9.6194

g.6113"

4.6413
4.5912
#.6674
#.8472
#.5268

#.5165 .

#.4964
#.,4068
9.5262
#,5441
%.5472
55277

8277

Y.8773
fL,6,5E

RIS T PARCC)
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Table 46. Blade and Vane Element Performance for Rotor B/Stator B, Single-

Stage Configuration, Peak Pressure Rise and Near Stall Throttle.

ROTOR BLADE ELEMENT PERFORMANCE

* ,
IMMER . WHEEL REL. LOSS LOSS REL, DIFF. REL. INCID, DEV.,
(%) SPEED TURNING COEF. PARA. MACH FACT. MACH ANGLE ANGLE
MPS FPS ANGLE . NQ, NO. DEG DEG
DEG . , IN ouT
1. 62,5 205.18 7.4 g.198 ©.171 #,189 9,783 4.877 2.9 26.3
2.0 62,4 204.85 6.3 9.24% ©£.208 ©.160 9.793 0.473 #.7 2%5.4
3.9 62,3 204,85 8.4 2.256 ©£.224 £,168 9.893 5,872 -3 24,
4.0 62,3 204.24 9.4 £.269 £.238.2,161 9.848 #.972 =1.3 19.8
5.8 62.2 203.93 19.8 g.274 @.244 7,162 0.895.8.973 =21 17.6.
7.8 62.8 283.31 13.3 g.278 ©#.244 §.163 5,783 4,476 -2.8 14.2 ..
1.8 61.7 202.39 15.2 g.256 ©£.235 ©.165 0.742 g.882 =3.9 11.1
15.8 61.2 209.85 16.7 2.218 ©.199 9.166 2.678 9,491 =-4.8 8.6
28.8 62.7 199,31 18.8 2.156 @.144 5.165 9.684 #.190 -4.8 6.6
3.0 59.8 196.22 19.5 . g.950 £.247 ©.163 £.516 0.11% -5,4 €.5.
§2.8 57.9 19¢.46. 19.5 2.9256 2.024 £.139 9,531 #,194. -5.4 7.0
7.8 56.1 183.88 28.7 g.817 @.016 0,155 #,553 4.099 -5.4 2.3
89.¢ - 55.1.184.81 22.1 7.863 @.961 9.152 9.583 £.994 -5.9 7.7
85.2 54,6 179.27 22.7 7.867 @.965 9,159 9.593 £.991 -6.4 . 8.9
94.9 54.2 177.73 23.8 2.06% ©.058 0,148 9.643 £.988 -5.8 8.2
93.4. 53.9 176.81 25.6 .057 9.955 0.146 ¥.618 #.987 =-4.3 . 8.7
95.¢ 53.7 176.19 28.9 §.069 ©.967 #.145 g.651 £.483 -3.4 8.7
96.4 - 53.6 175.88 31.8. 0.194 . 9.182 #.144 9,699 g.978 . -3.3 4.1 )
7.8 53.5 175.57 34.4 g.152 ©.148 @.144 9.752 0.073 -2.4 2.6 :
98.8 53.4 175.27 38.1. 7.196 @.192 @.144 9,889 £.967 -2.8 1.8 i
TORQUE = 220¢.83 IN.-LB. 1
]
*Loss Coefficients Computed from Fixed Rake Data ;
:
STATOR VANE ELEMENT PERFORMANCE ‘
IMMER WHEEL ABS. ABS. ABS. INCID. DEV.  LOSS .0SS DIFF.
1 SPEED TURNING MACH MACH ANGLE ANGLE COEF. PARA. FACT..
MPS FPS ANGLE NO. NO. DEG DEG
DEG IN ouT »
1.2 62,5 285.16. 42.2 §.118 g.o69 5.3 11.4 0£.1812 §.1777 2.7244
2.7 62.4 204,35 44.5 g.118 9.963 7.5 11.8 0.1765 4.1733 9.7146
3.8 62.3 204,55 44.4 g.121 £.966 2.3 19.8 ©.1698 g.1669 9.6958
4.9 62.3 294.24 43.4 g.123 #.969 7.2 11.4 @.1614 9.1583 9.6892
5.9 62.2 293.93 42.7 2.124 2.671 6.9 11.5 0.1497 9.1473 4.6667
7.8 “62.0 203.31 46.8 #.125 9.873 5.8 11.9 0.1362 0.1340 ©.6529 .
1.8 61.7 202.39 38.7 g.124 £.975 4.4 11.8 0.1905 J.9391 £.6269
15,0 61.2 299.85 38.6 9.123 8.076 = 3.1 9.9 0.0587 J..581 0,662
29.¢ 68.7 199.31 36.7 g.123 9.978 6.7 7.9 £.0346 17.:343 ¥.5862
3.8 59.8 196.22 33.2 . 5.123 8.679 =2.2. 5.3 J.4385 4.353 @.5644 .
5.9 57.9 199.496 32.6 g.121 £.988 -g.6 7.3. 0.0428 :7.0425 5.5429
79.¢ 56.1 183,99 32.8 9121 9.688 -~1.4 7.4 ©.0592 4,499 ¥.5334
89.¢ 55.1 184.81 33.2 9.123 2.978 =2.1 7.3 9.7626 4.462J H.5677
85.8 54.6 179.27  32.8 g.123 9.975 =3.1 7.4 £.0818 G311 &,5885
97.8 54.2 177.73 31.6 0.123 9.074 =-4.4 7.9 4.0936 7.5927 4.5912
93.8 53.9 176.81 31.9 g.122 9.075  ~%.1 7.2. 3,9828 G.4B17 45,5805
95.4 53.7 176,19 32.5 g.126 0.075 -4.8 7.9 06,1342 ».1289 4.5904
96.4 3.6 175.88 33.7 9.129 9.072 =3.5 7.1 0.2006 #7063 G.6479
97.% 53.5 175.57 34.2 g.132 0.068 =1.3  3.2. 0.2642 L U8l S 6855
98.4 53.4 175.27 25.1 0 133 §.966 <g.1 18.9 G.2853 .07 ¥.6908
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